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PREFACE 


Increasing rate of industrialization going on 
in dovelofang countries has no doubt the sunny aspect of 
economic uplil^t of the masses but t; c dark, villainous 
asoect of it also should be taken note of. Cadmium eco- 
tox’.cation and acid rain that go hand-in-hand with the 
orogress of the due o£ civilisation — industrialization 
•rccf’ssos, provide cloarcut iliu‘;tr-">t'' one of tlie villainy 
men tinned above. 

The industrial giant Japan has hr.C to bear the 
burTit r” the inchistriogenous diseases like the 'Itai- 
Itai' .-yndromc. T’r.is is the human connection of Indus- 
uri*' von eras natholocg/ of a society. The terrific-tmtacles 
of nathology extor'’ into several areas of biological 
activity like various atruatic ecosystems. Once again, this 
effect niay be fed back into the 'hominid' biology. 

Every nation, on the path of industrial progress, 
v/ill have to face this hazard exemplified in the ‘Japanese 
connection' noted above. India is not an exception# 

It is this prospect for India that was agitating 
the mind of the author for a long time. And precisely 
this agitation provided the motive to the author to 
embark on an investigative programme, to contribute 
useful data-lines in the field of cadmial and acid 
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tordcology. The author has identified certain investiga- 
tive inacleauacies in this area of toxicology (Chapter I) 
and has planned and executed inquisitorial programme 
accordingly (Chapters II to VII) . 

The ch.apteral locations n.ay cont'in an overdose 
r.r thrcrination (Ithooreorrhoea' ; if n-e t.ay call it so) 
anc! v^rbogenesis (creation of new terms) . These nay be 
viov/ed against the exuberant enthusiasm of the author to 
tap to the maximal extent the potential of datal import. 

The work is by no means exhaustive and many in- 
v'-'stiqative lacunae may be visible to the critical eye. 

The author S'ubmits that he will cone forward with 
ftirt’.’cr more searching ^ nsights into the areas of toxico- 
logy exposed here inadequately^ due to lack of temporal 
and physical facilities. 

The reader is asked this question: Is there at 
least one insight that appeals to your 'critical’ 'appro- 
batory' think-self? 

If the answer is the 'yeal' positive then.... 
great satisfaction will become the author' s preserve. 

From which^ he gets inspiration to make many more in- 
vestigative strides. 


-:o0o:- 
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GENERAL INTRODUCTION 




CHAPTER I 


general 

INTRODUCTION 


Cadmiiom pollution and 
acid rain are amongst 
the most serious envi- 
ronmental hazards ex- 
tending their villai- 
nous influences into every area of 
biosphere. 


I 1 literature 
citations 

I l.A CADMIUM 

POLLUTION 


Cadmi'um- cause *Itai-Itai* syn- 
drome noted in Yokohama Prefecture^ 
Japan some years ago (Friberg et al«^ 



n 


1974) may be taken as a standard for the harm this metallic 
toxicant perpetrates to the human and infra-human biosys- 
tems. 


Several reports highlight the polluting presence 
of cadmium in the various ecosystems (Kobayashi ^ al« / 
1975; Salomons and Porstner, 1980; Baudo ^ 1981; 

Muller, 1981; Muntau, 1981; Hoi±)a and Remade, 1982; 
Taylor, 1982; De Bernard! d d., 1983) and the intoxicat- 
ing presence in biosystems (Bonne 11, 1955; Mount and 
Stephen, 1967; Uthe and Bligh, 1971; Lewis d d., 1972; 
Havre d _al., 1973; Priberg et ai., 1974; Hutcheson, 1974; 
Shuman et d., 1974; Van Hook, 1974; Blinder d 1976; 

Gcrornes and Muntau, 1976; Martin d 1976; Zaroogian 

and Cheer, 1976; Calamari ard Marchetti, 1977; George and 
Coombs, 1977; Nimmo d d., 1977; Pentreath, 1977; Thur- 
berg d ai., 1977; Ostergaard, 1978; Ash and Lee, 1980; 
Ray d d., 1980b) . 

The toxic influence of cadmium is well documented 
(Severi, 1896; Prodan, 1932; Wilson d 1941; 

Schroeder d d», 1965; Lewis et ^./ 1969; Gardner and 
Yevich, 1970; Gilluly, 1970; Nilsson, 1970; Stowe et al., 
1972; Itokawa 1973; Larsson, 1975; Johansson 

and Larsson, 1978). 
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The physiological and biochemical influence of 
cadmium on various facets of biological systems is also 
well studied (Richman, 1958; Piscator/ 1962; 1966^ 1978; 
Piscator and Axelsson, 1970; Hiltibrau, 1971; Bukima/ 

1972; Nordberg and Piscator/ 1972; Sangalang and Freeman/ 
1974; Wald ^ 1974; Noraiyama/ 1975, 1978/ 1979; 

Koyama and Itasrawa/ 1977; Nechay and Saunders, 1977/ 1978; 
Nogawa et sX*, 1977; Piavaux/ 1977;Ven±ierg ^ 1977; 

Bingham et 1978; Duke et ^./ 1978; Sakurai, 1978; 

Bernard ^ ^.z 1979; Moral tou-Apostolopoulou and Verrio- 
poulos/ 1979; Taniguchi ^ ^./ 1979; Tucker, 1979; 

Bonner et ^./ 1980; Pecon and Powell/ 1981; Tohyama 

Various aspects of acid rain 
ecology and toxicology have 
been studied by numerous inves- 
tigators (Dahl/ 1927; Ellis, 
1937; Jones, 1948; Harrison, 
1958; Bishai/ 1960; Parsons, 1968; Calabrese, 1969; 
Beamish and Harvey, 1972; Sutchliffe and Garrick, 1973; 
Aimer et 1974; Grahm et al., 1974; Hendrey and 

wright, 1975, 1976; Schofield, 1975; Borgstorm and 
Hendrey, 1976; Borgstorm et ai., 1976; Dovland et al., 
1976; Hendrey ^ ad*z 1976; Likens, 1976; Likens ^ al., 
1977; Savita Samant and Agarwal, 1977; Snekvik, 1977; 


et ad*/ 1981) . 


I l.B ,\CID RAIN 
T07.IC0L0GY 
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Chintawar, 1978; Kart^pasamy# 1979; Racldiim# 1979# 1980; 
Fryer# 1980; Hoback and Raddnra# 1980; Miller and Madtay# 
1980; Qkland# 1980a,l>#c; Jan Ckland and Okland# 1980; 
Parmt and C2ieetham# 1980; Murthy ^ 1981a#b; 

Rgmalingam and Raghnnathan, 1981; Haiti# 1982; Waltcaa 
^ ^.# 1982; Mastanaimna# 1984; B-uman# 1985) • 

The esctensive review by 
Nath (1986) on Cadraitaa tojd.- 

1 l.C STUDIES ABOUT 

INDIAN SITUATION ^ecial refermce 

to Indian ccaidltions shows 

that considerable cKKitribution is made with respect to 
distributicii of caAnitam in Indian eco« systems. Much of 
the work pertains to vertebrates involving development 
of several vertd^rate models including primate model. 

The focus of attention of this wodc is on human health 
vis-a-vis cacteiium intoxication. Work %dth inverte- 
brates has been only scanty. 

The literature citatlcaas 

I l.D. lDa?TlFICATl<ai reveal the clear investiga- 

OFravEsnanVE tive teaa«iaacy S)r the 

hAOJNhE 

Indian ecx>systems and biolo- 
gical systais# both with reference to cadmial toxioology 
and acid-base toxicrology. Further# interaction between 
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these two factors have also not been looked into criti- 
cally » bttt for a few ri^ortsi For escaK^le, Haines 
(1981) has reported an ecosystem-pH interacticm with 
regard to retention of cadminm. 


I 2 PROPOSITICH OP 
THE PRCBLEM 


Keeping the inadequacies 
mentioned above, the inves- 
tigative prograraae of the 
present dissertation was 
chalked out. The investi- 
gative programme Included the individual (fn 

severo ) and combinational (i|i cttabiaatlo) in finance of 
Cd and acidic pH on the respiiratory laet^olisro and 
tissue organic coKpositicn and metabolism in a selected 
frejghwater animal. 


Thus, this wozk may serve as a contribution 
to the list of Indian works in the area of toxicology 
of the factors cadmim and acidity and may also provide 
insights into the interacticsi between these two factors. 


I 3 ISE ANlMMi 


The local freshwater rice 
field crab, Oalot^nhusa 
senex sen ex has been sele- 
cted as the escperimantal 


organism, ^e organism is an important invertebrate 
inhabitant of rioe-fiedd ecosystem. It forms an 
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Iraportant food itect -to agricultural coramunitles ia 
certain parts of South India. Study of Its physiology 
tander eadaial and other heavy metal stress gains im- 
portance at places ’sdiere the seciiinal habitats are not 
at safe distances f 3 pom industrial toxic effluvia. 
various aspects of physiology and biochemistry# 
with regard tX3 differeit stresses like tenperatur^ 
(Ramamurthi, 1967; R®iffinurthi 4 f 1967); salinity 
(Venkata Reddy# 1976) and pesticide stress (Bhagya- 
lakshmi, 1981; Sremivasuia Reddy iti*# 1983) have 
been amply worked out in this ojpganism. She seasonal 
biochemical cycles (Raghupathy, 1983) and induced 
ecdysial cycles (Reddy# 1982) have been worked out* 

With the accrual of such investigative data- 
bases In different areas of stress- response biology# 
this organism becane a natural choice for use in th® 
present Investigative programme* 


-loOoi 




TOXICITY EVALUATION 



As a prelude to systematic investi- 
gation on the individual and combined 
effects in vivo of cadmium and pH on 
the physiology and biochemistry of the 
local fresh water field crab Oziotelphusa 
senex senex ^ toxicity parameters were 
determined for these two kinds of pollu- 
tants. The data are presented here 
(Tables II.l andll.2; Fig. 2.1). From 
the data the following lethality 
(toxicity) parameters and s^ablethal 
(exj-jerimental) concentrations were 
derived at; 


LCi-n 48h for Cd 
SLC for Cd 
LpHt-„ for 49 h 

w* U 

SLpK 


6-0 ppm 
0.6 ppm 
4.5 


6.0 
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Effect of Cd on the mortality rate of 
Oziotelohusa senex senex after 48h exposxare 


Concentration of 

^Percent 

**Probit 

Cd (ppm) 

kill 

kill 

3 

0 

0 

4 

8.3 

3.59 

5 

25.0 

4.33 

6. 

50,0 

5.00 

7 

76.0 

5.67 

8 

91.7 

6.34 

9 

100.0 

8.09 


^Percent kill calculated as the number of animals 
found dead at the end of the exposure period 
(48 h) % number of animals exposed to the 
stressant medium. 

**Probit kill coirputed according to the procedure 
of Finney (1964). 

The values (% kill/ probit kill) are averages of 6 
determinations for each concentration of the 
stressant medium. Cd for preparation of the 
stressant media used as GdCl^. 

Animals used: Laboratory-adapted crabs, fed on 
frog leg/earthworm diet and maintained in^glass 
aquaria. Each ejiperiment was started with 12 
animals exposed to the stressant medium. 

Characteristics of water used in Cd-versus 
mortality studies: 

Temperature: 27® + 2°C 
pH; 7.1 - 7.4 

Hardness: 61 mg/1 (as bicarbonates) 

Dissolved oxygen: 5.38 + 0,76 ml/l 



TABLE II. 2 1 Effect of pH on the mortality rate of 
Oylotelohnsa sen ex sen ex after 4Sh 
exposure 


pH value of ttio mediuia 



Mortality* 


5,5 

8.6 j; 0.95 

5.0 

25.0 ± 5.3 

4,5 

50,0 ± 8.5 

4.0 

83.0 ^ 4.3 

3.5 

92.0 ± 2*7 

3.0 

100.0 ± 10.8 


*Each value represents mean ± S-D of 6 determina- 
tions* 

liiijniher of animals usedj 10 per deteaitination* 

Design cf ejperimaijtj according to Anderson (1944) 

for preparation of pH madia HCl* H^O buffer was 
enployed (Oser, 1979). ^ 

Characteristics of water tised In pH- versus 
mortality studies* as indicated imder table II. 1 
except pH. 

Almost similar and prcbit kill values are 
noted for a local snail Pila ctlobosa under Cu and 
Hg stresses (Balavenkatasubbaiah* 1984) and in the 
I'ilapi^ m93i^agbi , ca under cadmium stress 
(HsharKii# 1986# ttopubllshed data) • 



FIGs. 2.1 & 2.1AS The effect of Cd on acute 

mortality of O. senex senex . LCgQ/48h 
occurred at log concentration of 0.77 
corresponding to 6 ppm of Cd concent- 
ration . 
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OXYGEN CONSUMPTION 



Ill 1 INTRODUCTION 


The measurement of oxygen 
consunption is often used 
as an experimental investi- 
gative procedure to assess 
the influence of various metabolism-influencing factors 
and agents on the physiology and metabolism of an orga- 
nism. The present chapter deals with the profile of 
oxygen consumption in the crab/ 0. senex senex vis-a-vis 
the physiochemical factors viz., pH and cadmium in indi- 
vidual and combinational regimes. 

Oxygen consuixption was esti- 

III 2 MATERIALS mated in the animals of the 

AND 

METHODS control and experimental 

groups (please vide Chapter II 
for the experimental regimes used in the present work) . 

For estimation of aquatic oxygen consunption of 
the animal the method of Winkler (in Welsh and Smith, 
1953) as modified by Saroja (l959) was adopted using a 
wide-mouthed bottle of 600 ml capacity as respiratory 
chamber (Fig. 3.1a), ^he temperature of the ainbient of 
the respiratory chantoer was maintained within the narrow 
limits of 27®-31°C to minimize the temperature effects. 



Set up of ajjiparetus UKi'’’ for n>edW'ii.'.r 
the whole animal oxygen coiiciwi'-t l.uu 

A « Reservoir 

B - Inlet tube from the reservoir 
C « Respiratory chamber 
D ». Thermometer 
E - Air inlet tube 

P "■ Outlet tube from the Respiratory 
chaitiber 

0 » Sample collecting bottle 
H •. Rubber stopper 
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The procedural steps concerning collection of 
experimental biological material viz*^ crabs (0# senex 
senex ) , their in- laboratory maintenance and preparation 
of these organisms for experimental investigations have 
been described in several publications that emerged frc^ 
this laboratory and others {Venkata Reddy, 1976; Ragha-^ 
vaiah, 1977; Raghavaiah ^ 1980; Reddy, 1981; 

Bhagyalakshmi, 1981 and Raghupathy, 1984) . 

Preparation of the different experimental groups 
was essentially according to the guide-points enumerated 
earlier (Vide Chapter II) # 

In each of the stressant media organisms were 
maintained for use in long-term (30 days) stressant-in- 
fluence studies^ The iuSdiuia was changed daily and the 
animals were fed outside the stressant medium and 
replaced into the mediumr Feeding was effected with 
ad libitum rations of earthworms and frog legs* 

The data vjere. evaluated to obtain insights into 
the effects of the stressants using standard statistical 
analytical techniques (Fillai and Sinha# 1968) . 


Ill 3 RESULTS 


The stressants# Cd and pH, in- 
fluence the metabolic profile 
of the crab, variably, as a 


function of tim§' course of exposure (Tables 3. l>y(. Both 
the stressants cause, an immediate increase in the rate 



of oxygen consumption. The elevation of oxygen consiimp- 
tion by pH (-{• 274%) is greater than that caused by Cd 
(+ 199%), two-days post-stress. As contrasted, with 
this remarkably steep elevation of oxygen consumption, 
the de-elevation of this rate immediately afterwards 
i.e., four days post-stress is equally cataclysmic. 

The fluctuations or 'spasms' of metabolism at subse- 
quence time- intervals post-stress, present a picture of 
apparent disorder of metabolism. Of the two stressants, 
Cd factor appears to exert a more constant and orderly 
influence on the respiratory rate of the organism. The 
alteration of respiratory rate of the organism is con- 
sistently in the 'elevatory phase* during the earlier 
periods of stress and the depressive phase of the sub- 
sequent periods of exposure to the stressant is almost 
equally consistent. The 'phase change' in metabolisra- 
alteration caused by the stressant appears to occur 
between the 12th and 14th day post-stress and to put in 
more empirical terms, 2 vraeks post-stress. 

The pH factor too appears to exhibit a phase 
shift metabolism-alteration, but with less dramatic 
conspicuity. 

The interaction of the factors with regard to 
the metabolism-alteration in the crab or more explicitly 
the 'combinational* influence of the factors, Cd and pH 
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on the metaholisa is perce 5 >tible only in the earliest 
period of exposure i.e.# two days post-stress, for 
this period, the metahollsm-alteratioo is in the eleva- 
tion-direction no dodbt, but this elevation C-t 55.0%) 
is 'dwarfed* idi&o compared with the elevations caused 
by Cd {+199.0%) and pH (+274.0%) factors. Besides, 
the phase shift mentioned s&»ovb in metabolism-altera- 
tion appears to be advanced to shorter pos't- stress 
period under coitibinaticaial regime of the stressants* 

The iimiediate increase in the 
ojiygen consur^tion rate and 
III 4 CCMMSS5T its depression during subse- 

quent periods of e::q>osure to 
the stressants are in agreemmt with the literature 
reports (Heistand, 1931, 1940? Raymont and Sheild, 

1964? O'Hara, 1972? Thuid&erg ^ 1979 and Dean 

Kettle jEfe 1980). However, the exceptionally 
steep increased noted under Cd C+199.00) and pH 
(+274.00) stress are in cemtrast to tiie ireports 
(Elston, 1983) that increases in osygea censtaffiption 
beyond 150% are toxic to organiasis in general. This 
initial 'shoot-t:?)i* of oxygen ccaasxanptioR is of the 
category of overshoot reaction md is of a shorter 
duraticai (i.e. one day) « How this ephesRejwd. over- 
ififlioot is tolerated by the organism is immediately 
in«^lic«^le. 



Under the stressant regimes# a general trmd 
of d^ressicn of met^olism Is noted. Under the combi- 
national regime, oxygen consxBnptie® is depressed re- 
markably as cc!t 5 >ared to the effects of individual Cd 
and pH regimes (on the 14th day). 


-loOoi- 
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TABLE 3«la " Coitparison of mean values of 'normal* Unit 
metabolism of 0. senex senex with the mean 
values for animals subjected to individual 
and combined stress conditions presented in 
Table 3.1* 

F = 152.44 CD = 0.00526 


Day. 


Comparison with 


Post-stress 

Cd 

pH 

Cotib 

2nd 

S 
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4th 
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26 th 
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28th 

£ 
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s 
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s 


S = Significant 5%, level? NS; Not Significant 

Critical difference CCD) value was Calculated 


according to the formula 


^e^(lA]_ + where 

"^o = tabulated value of 

<r 2 - error mean square and 

k, & k- = numbers of observatiais based on which 
^ two means to be compaxod* 



FIG. 3.1; Time course (in days) response of 
Unit metabolism (UM) of 0. senex 
senex at sub lethal Cd (0.6 ppm)-, 
pH (6.0)- and their combinational 
(Comb) concentratio: states. 







ORGANIC COMPOSITION 
OF TISSUES 


IV 1 INTRODUCTION 


The rates and routes of orga- 
nismic metabolism are affected 
by environmental toxicants and 
stressants. Consequently, the 
organic conposition of the tissues of the organism is 
affected. Conversely, the deviation of organic compo- 
sition of an organism under a stressant- regime reflects 
the toxic influence of the stressant on the metabolic 
milieu of the organism. 

The present chapteral location is apportioned 
to an examination of the tissue organic composition of 
the fresh water field crab 0. senex senex as affected 
by pH- and Cd- regimes, individually (in severo ) and 
combinationally (in cuT&inatio) . 


The stressant regimes used in 


IV 2 MATERIAL MD 
METHODS 

IV 2. A THE INVESTI- 
GATIVE GROUPS 


the study are given elsewhere 
(Chapter II). The durations 
of stress selected for study 
are 15 and 30 days post-stress. 


The crabs, collected from the fields around Tirupati, 


were maintained in laboratory aquaria, being fed ad 


libitum with froglegs, earthworms and cockroaches. 
The animals wepe given a laboratory adjustment dtira- 


tion of one week and later the experiment was commenced, 



IS 


In separate aquaria/ four batches of animals were 
maintained; (1) the untreated or unstressed controls; 

(2) Cd^stressed ejqjerimentals ; (3) pH-stressed experi*- 
mentals and (4) e>q)erimental s under combinational 
stress of Cd and pH. The details regarding the con- 
centrations of stressants used are given elsewhere 
(Chapter II) . The maintenance protocol for the diffe- 
rent experimental batches are also given at an earlier 
location (vide sunra ) . 

Two periods of stress were chosen for the ana- 
lysis of biochemical composition of the tissues of the 
crab: 15 days post-stress (15 dps) and 30 days post- 
stress (30 dps) . These durations are chosen keeping 
in vievj the fact that the crab in question has been 
found to undergo almost complete adjustment to experL- 
mentally imposed stresses like salinity (Krishnamoorthy 
and Srihari/ 1973) 30 days post-stress; with regard to 
toxins like the organcphosphate pesticide malathion/ 
sumithion/ the metabolism- turning point has been iden- 
tified to occur about 15th day post-stress in the 
organism (Bhagyalakshmi, 1981). 

The animals (experimentals and 
IV 2.B THE TISSUES controls) were sacrificed at 

the end of the stress-periods 
mentioned above and the tissues / viz./ hepatopancreas (HP) 
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chelate leg muscle (M ) , gill (G) and cephalothoracic 
ganglionic mass (CTQi) according to operative proce- 
dures detailed by other workers (Raghavaiah, 1977; 
Raghavaiah ^ 1980) . The haemolymph (HL) was 

collected using hypodermic syringe. The biochemical 
estimation procedures were carried out on v;et chilled 
tissues, as soon after isolation as practicable. 

The following biochemical 

IV 2.C THE estimation constituents were estimated 

METHODOLOGY 

in the tissues mentioned 
above. 

1. Estimation of total acid-precioi table and acid - 
extractable anthrone positive substances ; 

The estimations were carried out in the tissues 
using anthrone as the principal sugar- reacting agents 
col orime tri c a 1 ly . 

The tissues were homogerdzed in 5 % (w/V) trichlo- 
roacetic acid (TCA) and after centrifugation (at 2500 rpml , 
the supernatant was used for estimation of total acid- 
extractable anthrone-positive substances (TAEAPSi. In 
the TCA-residue, the total acid-precipi table anthrone 
positive substances (TAPAPS) , For this purpose, the TCA 
residue was dissolved in 0,4M sodium hydroxide, and the 
resultant solution was used. The anthronometric estima- 



tions were carried out according to Carroll et al» ^ 

(1956) . Colorimetry was carried out in Bausch and 
Loinib spectronic 20 Colorimeter. 

2. Estimation of total protein content ; 

For estimation of total protein content (TP) 
of tissues/ the TCA-precipitate is used. The NaOK- 
solution of TCA residue (please vide above) was used 
for the estimation of TP using Folin-Ciocalteu reagent 
colorimetrically (Lowry et 1951) in Bausch and 

Loirib Spectronic 20 Colorimeter. 

of tissues ; 

The organic fraction/ SP-content, was estimated 
in sucrose (0.25 M) hcmogenization supernatants# accord- 
ing to the procedure laid down in Lowry et ^./(vide ut 
supra ) . 

4. Estimation of total ninhydrin-positive sub - 
stances (TNPS ) s 

The organic component/ total ninhydrin-positive 
substances (TKPS) include free amino acids and estima- 
tion of TNPS content is a fairly acceptable method for 
determining the quantitative disposition of these 
'organic osmotic effectors* in the tissues. For estima~ 
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tion of TNPS-ccntent of the tissue/ the TCA-extract 
is used. The estimation-procedural details were accord- 
ing to Moore and steiri (1957, 1968). 

5 . Estimation of total lipids (TL) in tissues : 

The TL-content of the tissue was estimated 
employing the method envisaged by Folch et ^./ (1957) . 

6 . Estimation of haemolvmphatlc organic constituents : 

Since the haemolymph is a fluid tissue, the 
hcmogenization procedures adopted for the solid tissues 
(vide supra ) are not necessary in haemolymphatic 
chemical analyses. 

The habholymih, drawn with hypodermic syringe 
was used after centrifugation and eliminations of 
residue, for the estimation of extra- cellular protein 
(ECP) , Folinonetrically (i.e., using Polin-Ciocalteu 
phenol reagent ) , and estimation of total ninhydrin 
positive s\±>stances (extra-cellular) . The TAPAPS, 
TAEAPS and TP estimations however, were carried out 
after treatment of the 'whole blood' with TCA, as in 
the case of solid tissues (vide ut supra ) . The 
estimation of total lipid also was carried out using 
'whole blood' . 
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Tha stress ants both in severe 


IV 3 RESULTS 


and jji combi natio exert consis- 
tently a depressive influence on 


IV 3. A cephalothoracic the TAEAPS (Table 4.1; Fig, 4.1) 
GAtIGLIONIC MASS 

(CTGM) content of th*e cephalothoracic 

ganglionic mass (CTGM) of the 
crab# 0. senex senex . Statistical analysis shows that 
the alterations in TAEAPS content caused by the stressants 
as compared to the controls are significant (Table 4.1a>) 


15d- treatment of the organisms with the stressants is 
associated with greater quantum of reduction of TAEAPS- 
content of CTGM as compared to the 30-day-treatment. 

For both stress or treatment durations# the ccmbinational 


treatment ife associated with a higher quantum of depre- 
ssion as cort^ared to the individual treatments. In 
combi natio , the stressants appear to 'interact*, in as 
much as the T^^APS depression effect is higher (-50.0%) 
under combinational regime than any of the individual 
regimes . But one can not easily visualize the pheno- 
menon of 'potentiation' in these effects going by the 
definition of this term in toxicological or stressant- 
biological literature. The situation is essentially 
similar for the 30 day sttess duration where the combi- 
national effect on TAEAPS (-41.4%) is almost an 


‘additive* picture of the effects under the individual 



stressant regimes (Cd: -17,24% + pH: r.2X*4% = 

- 38.64%) (Ta)Dle 4.1) . 

The TAPAPS-pool of CTGM is elevated consistently 
by the stress ants both ^ s evero and ^ combinatio 15 
days post-stress (15 dps) (Table 4.2; Pig. 4.2). Cd- 
stress causes greater TAPAPS-elevation (+ 57,6%) than 
pH-stress (+ 31.0%) . In combination, the stressants 
cause TAPAPS-elevation (+82.0%) which is mxich higher 
than the individual effects. 

At the longer stress-duration, i.e., 30 dps, a 
different effect picture is evident, Cd and pri, at 
this stress-duration arc associated with diametrically 
opposite effects. Cd exerts a TAPAPS-elevatory effect 
(+ 41.0%) whereas pH exerts a TAPAPS- depressive effect 
of an almost equal magnitude (-45.5%). In combination, 
the stressants cause a depression (-45.5%) of the TAPAPS- 
content of CTGM (Table 4,2). The variations in CTGM 
TAPAPS-content caused by the stressants are found to be 
statistically significant (Table 4.2a). 

The total protein (TP) content of CTOl is found 
to be elevated by both stressants, ^ s evero and in 
ctartoinatio , at both durations post-stress (Table 4.3; 

Fig, 4.3). At the shorter exposure-duration, the eleva- 
tions of TP- content are greater than the elevations at 



the longer exposure-duration. Fifteen days post- 
stress, the elevation caused by Cd (+ 166.0%) is 
greater than that caused by pH (+ 100.0%). In the 
combinational regime, the TP- augmentative effect 
(+ 133.4%) is higher than that caused under pH- regime 
but lower than that caused under Cd- regime. 

At the longer exposure-duration (i.e., 30 
dps), the combinational regime is associated with 
greater TP-pool elevatory effect (+ 86.1%) as conpared 
to Cd-regime (+ 34.3%) or pH-regime {+ 72.8%) (Table 
4.3) . The variations in the size of TP-pool of CTGM 
caused by different treatments mentioned above are 
found to be statistically sigmficant (Table 4.3a) . 

The soluble protein (SP) content of CTGM is 
notably influenced by the stressants, especially pH. 
Cd-s tress, both at shorter and longer exposure-diora- 
tions, causes a slight depression of SP-content 
(-10.8%, 15 dps? -8.4%, 30 dps). In contrast, pH- 
s tress leads to perceptible elevation of SP-content, 

15 dps (+ 35.0%) and more remarkable elevation for the 
longer exposure -duration (+ 92.0%; 30 dps) (Table 4.4; 
Pig. 4.4) . Under the combinational regime, the eleva- 
tory effect at the shorter exposure -dxirati on (+13,4%; 
15 dps) is relatively feeble in cotrparison with the 



effect obtained for the longer exposure-duration 
(+ 108.5%) . The effects of SP-content of CTGM 
obtained for the different experimental stressant- 
treatments are found to be statistically significant 
(Table 4.4a). 

The variations in the levels of total ninhydrin 
positive substances (TNPS) of CTGM caused by different 
treatments are given in table 4.5. The results of the 
experiment are graphically represented in fig. 4.5. 

The statistical treatment of the data of table 4.5 is 
appended in table 4.5a. 

At the shorter exposure-dviration (15 dps) both 
Cd and pH lead to the e'evation of TNPS-content of CTQSl. 
Cd causes a more notable elevation (+ 62.2%) than pH 
(+ 17.0%). These stressants/ however, in combination 
cause a depressive effect of considerable order (-20.0%) 
At the longer exposure-duration, the stressants, both 
individually and coiribi nationally cause depressions of 
TNPS-content of CTGM. In individual regimes, the effect 
of Cd-stressant (- 32.3%) is far greater than that 
caused by pH-stressant (- 4.0%). In the ccrtibi national 
regime, the depression (- 15.5%) is greater than that 
under pH-regime but smaller than that resulting under 
Cd-regime (Table 4.5), 



The total lipid (TL) content of CTGM of 0. 
senex senex is consistently depressed by the stressants. 


both ^ severe and combinatiO / both at the shorter 
and longer exposure -durations (Table 4.6; Pig. 4.6), 

The depressions noted at the shorter exposure-duration 
(Cd: -55.23%; pK: -51,57%; combinational: - 49.44%) are 
notably greater than those noted at the longer exposure- 
duration (30 dps; Cd: -26.1%; pH: -22.75%; ccxiibinational: 
- 20 . 68 %) . 


The variations in TL«content of CTGM are statis- 
tically significant (Table 4,6a) . 


IV 3.B MUSCLE (M) 

(chelate leg 

MUSCLE) 


The data on the TAEAPS-content 
of M of 0, senex senex are given 
in table 4,7 in relation to 
shorter- and longer-term stress 
of Cd and pH. The data denote 
a consistent depressive influence of the stressants on 
this coirponent of the 'organic ccmplement' of M. Cd- 
s tress causes greater depression of TAEAPS-pool after 
the shorter stress -duration (- 60.0%) than after longer 
stress-duration (41.4%; Table 4.7; Pig. 4.7). The acid 
(pH) stress, on the other hand causes smaller decrement 
of TAEAPS-pool after shorter stress-duration (-28.6%) 
than after longer stress -duration (-46,0%), The depre- 
ssive influence of the combinational regime on TAEAPS- 



pool is greater for both stress-durations as ccmpared 
to the changes inflicted by the individual regimes of the 
stressants. In this regime, the shorter stress -duration 
is associated with a higher reduction of TAEAPS-pool 
size (- 76.5%) than the longer stress -duration (- 61,5%), 

The data presented in table 4.7 are found to 
shcxiT statistically significant variation (Table 4.7a) * 

The TAPAPS“pool of M also is subjected to a 
general depression under the stressant- regimes (Table 
4,8; Fig. 4.8). After shorter-duration exposure, Cd 
causes a depression (-20.0%) of TAPAFS-pool of M and 
after longer-duration exposure, an elevation (+ 12.0%). 

pH-stress causes a small depression (-5.0%) 
after shorter stress-duration and a notable depression 
after longer stress-duration (- 65.0%). 

The two stressants in combination cause almost 
equally noteworthy depression of TAPAPS-pool of M after 
both stress-diirations (- 68.0%, 15 dps; -73.0%, 30 dps; 
Table 4,8). 

The variations in the TAPATS-pool size in M 
shown in table 4.8 caused by the stressants ar^ found 
to be statistically significant (Table 4,8a) . 
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Cd and pH cause a general depression of the total 
protein (TP) - content of M of 0. senex senex (Table 4.9? 
Fig. 4.9). Fifteen days post-stress, Cd leads to a 28.6% 
depression of this pool and after the longer duration of 
stress the depression is less considerable (-8.6%) . pH- 
stress causes an elevation of TP-content {+ 14.2%) after 
shorter stress-duration and a depression (-21.4%) after 
the longer duration of stress. The two stressants in 
combination cause depressions after botlj shorter (-43.0%) 
and longer (-31.5%) stress-durations. 

Analysis of variance (aNOVA) of the data on TP- 
content of M presented in table 4.9 has revealed that the 
variations in TP-pool size caused by the stressant-reglmes 
are statistically significant (Table 4.9^. 

The fraction of soluble protein (SP) of the protein 
pool of the chelate leg muscle tissue of 0. senex senex 
is s\ibjected to a consistent incremental influence by the 
strcssant regimes, individual and combinational, after 
both shorter and longer durations of stress (Table 4.10? 
Fig, 4.10). The variations caused by the stressants are 
found to be statistically significant (Table 4.10a). 

Cd-S tress leads to almost equal elevations of SP- 
content of M in botl"! stress-durations (+50,0%, 15 dps? 
+46.0%, 30 dps). pK-stress causes a higher elevation of 
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SP-content, 30 days post-stress (+89.0%) than after 
15 days of stress (+ 65.3%). In the coiribi national regime# 
the elevation of SP-content noted after longer stress- 
duration (+71.0%) is slightly greater than the elevation 
(+62.4%) noted 15 days after stress. 

The level of total ninhydrin-positive substances 
(TWPS) of M of 0. senex senex is generally incrementally 
influenced by the stressants (Table 4.11; Fig, 4.11). 

Cd-stress causes a 33.0% elevation of T3SlPS-pool 
of lA, 15 days post- stress. For the longer-stress duration, 
the pool is slightly depressed (-6.3%) and this depression 
is found to be statistically non-significant. 

The TNPS-pool size of M is non-significantly ele- 
vated (+3-0%) 15 days p st-stress by pH-stress. At the 
longer stress-duration, the pool is significantly elevated 
(+33.0%) . 

In the combinational regime,, the TlJPS-pool shows 
a depression of notable and significant quantum (-48.8%) 
in the shorter stress-duration . The elevation noted in 
the longer stress-duration (+76.4%) is more remarkable. 

The total lipid (TL) pool of M of 0. senex senex 
is decrementally influenced by Cd and incrementally by pH. 
Combinational regime is marked by elevation of this 
organic compcaient pool (T^le 4.12; Fig. 4.12). 
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Cd-stress causes a higher depression (-34.7%) of 
TL-pool of M in the longer duration of stress than in the 
shorter duration of stress (-24.0%) . 

pH- stress, on the other hand causes ranarkahle ele- 
vations of Tlj-pool, the elevation in the shorter stress- 
duration being more considerable (+127.0%, 15 dps; +71.2%, 
30 dps ) . 


The stressants, in their combinational regime cause 
a noteworthy elevation of TL-content (+86.6%), 15 days 
post-stress. In the longer duration of stress, the TL- 
content shows a less considerable elevation (+7.8%, 30 dps). 


The variation of TL-content of M under the stressant 
regimes is statistically significant (Table 4.12a). 


IV 3.C HEP ATOP ANCREAS 
(HP) 


Hepatopancreatic TAEAPS-content 
2* senex senex is generally 
decrOTentally influenced by the 
stressants under study (Table 4.13; Fig. 4.13). 


Cd-stress is associated witli a shorter-stress-dura- 
tion decrement (-37.7%) of a smaller magnitude as cortpared 
vjith the decrement under longer-stress-duration (-64.3%)* 


pH- stress causes almost equal depressions of 
TAEAPS-content of hepatopancreas (HP) at both stress dura- 
tions (-56.6%, 15 dps; 45.0%, 30 dps). 
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In the combinational regime, the shorter stress- 
duration leads to a notable depression of TAEAPS-level 
of HP (-50.0%) whereas in the longer stress-duration, 
a small and statistically non-significant elevation 
(+10.0%) is noted. 

Statistical treatment of the data with regard to 
TAEAPS-content of HP (Table 4.13a) shoxis the quantitative 
variation caused by the stressants to be significant. 

The Tap APS- con tent of HP of 0, senex senex is posi- 
tively (i.e./ incrementally) modified by the stressants, 

Cd and pH, ^ severe and negatively (i.e., decreraen tally) 
in the combinational regime (Table 4.14; Pig. 4.14), The 
variations caused by the stressants are statistically 
significant (Table 4.i4a). 

Cd, in its individual regime ca’uses a notable 
increase of hepatopancreatic TAPAPS-level, 15 days post- 
stress (+56.0%) and the incjrease is still greater, 30 days 
post-stress (+83.0%). pH-stress causes a smaller increase 
of TAPAPS-level of HP (+36.3%) 15 days post-stress, as 
compared to Cd. In the longer stress -duration the incre- 
ment is found to be much less (+11.0%) and statistically 
non-significant. 

In the combinational regime, a TAPAPS-level reduction 
is noted both in shorter (-22.0%) and longer (-40.0%) stress- 


dxirations 
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The total protein (TP) -content of hepatopan- 
creas of 0. senex senex is consistently incrementally 
modified under the different stressant regimes of both 
longer and shorter durations (Table 4.15/ Fig. 4.15). 

Cd causes a 90% increase in TP-content, 15 dps and in 
the longer stress -duration, the increase stands at 50% 
control. pH-stress causes a 20% increase during shorter 
stress-duration. During the longer stress -duration the 
increase of TP-content is more notable (+ 72.6%). 

In the combinational regime, as in the case of 
pH-regime, the increment of TP-content is progressive, 
i.e., the increase is smaller for the shorter stress- 
duration (+ 24.2%, 15 dps) and greater for the longer 
stress -duration (+ 42.5%, 30 dps) . 

The variations in TP-pool of HP caused by the 
different stress regimes are found to be statistically 
significant (Table 4.15a) . 

The soluble protein (SP)- content of hepatopan- 
creas of 0. senex senex is modified in the positive 
(incremental) direction, consistently under the diffe- 
rent stress regimes and durations studied (Table 4.16; 
Fig. 4,16) , These variations are found to be statis- 
tically significant (Table 4.16a), 



Cadmiian-s tress causes almost equal increases 
of SP-content of HP, during shorter and longer stress- 
durations (+ 21.4%, 15 dps J + 20.0%, 30 dps), 

pH-caused increases of SP-content of hepato- 
pancreas are progressive, i.e., smaller for the shorter 
stress-duration (-(■ 18,4%) and greater for the longer 
stress -duration (+ 38.7%) , 

The pattern of changes of SP-content under the 
combinational regime is similar to that observed under 
pH- regime i.e., progressive {+ 20,0%, 15 dps; + 33,4%, 
30 dps) . 


The level of t tal ninhydrin-positive sub- 
stances (TNPS) of hepatopancreas of 0. senex senex is 
subjected to a general incremental influence by the 
different stressant- regimes (Table 4.17; Pig. 4.17), 

Under Cd- regime, for both stress-durations, 
increases of TNPS-content are recorded. These incre- 
ments follow a ‘conservative' pattern: the shorter 
stress-duration being associated with a greater in- 
crease (+ 22.0%, 15 dps) and the longer stress-duration, 
with a smaller increase (+ 7.0%, 30 dps). Incremental 
changes noted under pH-s tress also follow the 'conser- 
vative' pattern: the shorter stress -duration is asso- 
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ciatsd with a remarkable increase (+ 189.0%) of TNPS- 
content and with the prolongation of stress, the TNPS- 
content tends to reach the control level (+ 30.0%, 

30 dps) , 

Under the combinational stress, the changes 
of TNPS“Content of HP follow the progressive pattern; 
the shorter stress-duration is associated with a nega- 
tive (decremental) change (-10.8%, 15 dps) and in the 
longer stress-duration, a notable positive (incremen- 
tal) change is noted (+60.2%, 30 dps). 

The variations of TNPS-content of HP of 
2* s enex senex are found to be statistically signi- 
ficant (Table 4.17a). 

The h^pdtcpancreatic total lipid (TL) content 
of 2* senex senex is consistently incrementally modi- 
fied under the different stress-regimes and deviations 
studied (Table 4.18? Fig. 4.18). The variations are 
found to be statistically significant (Table 4.18a). 

Fifteen days post-stress, Cd-stressed hepato- 
pancreas shows a 38.5% increase in TL content and in 
the longer exposure- duration the TL-content decreases 
from the 15 dps-level to near-control level (+ 7.2% 



control, 30 dps) . Under pH-stress also a similar pattern 
of TL-content alteration is noted. Fifteen days post- 
stress, the TL~content stands at + 60.01 per cent control 
and for 30 days post-stress, the level of TL is only 
+27.4 per cent control. 

In the combinational regime also, an Initial 
higher percentage of increase of TL-content (+38.7% 
control, 15 dps) is followed by a return to normality 
during the longer stress-duration (+4.0% control, 

30 dps) , 


The levels of TAB APS of gill 
tissue of 0. senex sertex are 

IV 3.D GILL (G) 

presented in table 4,19 and 
figure 4.19. A consistent 
negative (decremental) influence is exerted by the 
stressant regimes on this constituent of the organic 
pool of gill of the crab. 

The variations in TAEAPS -content of G noted 
under the different regimes of the stressants are found 
to be statistically significant (Table 4.19a). 

Under Cd-stress, the TAEAPS- content of gill 
undergoes a decrease of notable quantum (-68.6% control, 
15 dps) and after the longer exposure-duration the dec- 
rement of TAEAPS -content becomes less considerable 
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{- 31.4% control, 30 dps). Under pH-stress# the TAEAPS 
content undergoes almost similar quanta of decrease in 
both stress -durations (- 44,0% control, 15 dps; -41,0% 
control, 30 dps) . 

Under ccmbinational regime, a 60,0% decrease of 
TAEAPS -content during the shorter exposure-duration is 
followed by a 68.0% decrease after the longer duration. 

The data presented in table 4.20 (Pig. 4.20) 
show the influence of Cd and pH on the TAP APS- content of 
^ £• son ex senex . The stressantsin severo cause 

initial increase and later (longer duration) decreases 
of TAP APS -content while the combinational regime causes 
only decreases during both stress durations. 

The variations in TAPAPS-content of G under the 
different stress- regimes are found to be statistically 
significant (Table 4.20a). 

Under the Cd regime, a small increase of bran- 
chial TAPAPS-content (+ 9,0% control, 15 dps) and this 
is followed by a decrease, which is also small (- 15,6% 
control, 30 dps). 

pH-regime cn the other hand exert greater in- 
cremental influence in the shorter stress -duration 
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(+ 34.4% control, 15 dps) and decremental influence in 
the longer stress-duration (- 44.8% control, 30 dps). 

In the combinational regime the TAPAPS-content 
of gill shows decrement in both shorter and longer 
stress-durations (- 31.8% control, 15 dps; - 46.0% 
control 30 dps). 

Under the different stressant regimes studied, 
the branchial total protein (TP) content of 0. sen ex 
sen ex undergoes a general incremental change (Table 4.21 
Fig. 4,21). 

The variations of TP-content of gill under the 
regimes are found to be statistically significant 
(Table 4.21a). 

Under Cd-stress, the branchial TP-pool shows 
an enhancement of 31.0%, 15 dps. For the longer stress- 
duration, the enhancement is found to be only 10% con- 
trol. 


pH-s tress causes a very slight negative change 
in branchial TP-content, initially (- 3.4% control, 

15 dps). For the longer stress-duration, a considerable 
quantum of elevation (+ 46.4% control, 30 dps) has been 
recorded. 



In the combinational regime, the shorter ejspo- 
sure-duration shows a 28,5% elevation of TP-content of 
G while for the longer exposure-duration, a more notable 
enhancement has been recorded (+ 71,3% control, 30 i^s) , 

The branchial soluble protein (SP) content of 
2* senex is variably modified by the different 

stressant regimes (Table 4,22; Pig, 4,22), and these 
modifications are found to be statistically significant 
(Table 4, 22a) , 

Cd-stress causes a remarkable increase (+ 71.2% 
control) of the SP-content of gill in the shorter expo- 
s\ire-duration. In the longer duration, a decrease has 
been noted (- 19.8% cor rol, 30 dps). 

pH-s tress on the other hand causes a very small 
initial decrease of branchial SP-content (- 1.6% con- 
trol, 15 dps) and a 40% increase in the longer stress- 
duration. 


In the combinational regime, the change in the 
shorter stress-regime is considerable while change in 
the longer regime is very small (- 1,6% control, 30 dps) 
and statistically non-significant. 

Tables 4,23 (Pig. 4.23) and 4,23a present the 
data on the levels of total ninhydrin-positive sifo- 
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stances (TNPS) in the gill of 0. senex senex , as a func- 
tion of Cd and pH stress ( in severe and jjn combinatio ) > 

The TNpS-content of G, is consistently incremen- 
tally modified by the stressant regimes investigated, 

Cd-s tress causes an initial higher increase of 
TNPS- level of G (+ 21,1% control, 15 dps) and a smaller 
increment in the longer stress -duration (+ 10.0% control, 
30 dps) . 


Fifteen days post stress, the branchial TNPS- 
level is elevated to 60.0% control and in the longer 
stress-duration the increase is very small and negli- 
gible (4 2.3% control, 30 dps). 

The canbinational stress leads to a small ele- 
vation of gill TNPS in the shorter duration of stress 
(4 5.1% control, 15 dps) and a larger elevation in the 
longer duration of stress (4 26.0% control, 30 dps). 

The branchial pool of total lipid (TL) in 0. 
senex senex is variably modified by the stressant- 
regimes (Table 4.24; Fig. 4.24) . The individual regimes 
of the stressants cause decremental changes consistently 
and the ccsribinational regime catises incremental changes . 
These variations are statistically significant (Table 
4 « 24a) . 
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Cd- stress ant ca'ised decrements are smaller than 
pH-stressant caused decrements. Cd-stress causes a 
26.3% decrement of TL-content of gill, in the shorter 
stress-duration. In the longer duration, the decrease 
is less considerable (-9.6% control, 30 dps). 

pH-stress, in contrast, causes more profound 
decrements of branchial TL-content (-73.7% control, 

15 dps; -45.1% control, 30 dps). 

The contoinational regime of the stressants causes 
a notable elevation of SP-content initially (+44.5% 
control, 15 dps) , At end of the longer ej<posure-duration^ 
the TL-content remains near control (+2.7% control, 30 dps) 

The extra-cellular protein 

IV 3.E HAEMOLTMPH (HL) (ECP) content of haemolyirph 

£• senex senex undergoes 
a general decremental change 
under the different stressant regimes (Table 4.25? Pig. 
4.25). The variations are found to be statistically 
significant (Table 4.25a). 

Under the influence of Cd, a shorter duration 
depression of ECP of HL is caused (-23,7% control, 15 dps). 
During the longer stress-duration the haemolynphatic 
ECP-content is elevated (+28.0% control, 30 dps). 
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Under the inflv .nee of pH, depressions are 
caused both in shorter and longer stress-durations 
(-28.5% control, 15 dps; -11.8% control, 30 dps). 

Under conrbi national regime also, depressions of 
HL-ECP are recorded in both stress-durations (-31.8% 
control, 15 dps; -69.1%, 30 dps). 

The data given in table 4.26 (Fig. 4.26) show 
the changes of haemol 3 jTrphatic TAEAPS-content in 0. senex 
senex in the different stre ssant- regimes . A general 
depressive effect is evident in these regimes. These 
variations are statistically significant (Table 4.26a), 

The TAEAPS-content of haemolymph undergoes dec- 
rements under both stress durations with Cd (-52,6% 
control, 15 dps; -310%, 30 dps). 

Under pH-stress also, decrements of TAEAPS of 
haemolymph are recorded (-37.8% control, 15 dps; -25.0% 
control, 30 dps) . 

In the corttoi national regime however, the shorter 
stress-duration is marked by an increase (+24,0% control, 
15 dps) , In the longer stress-duration, a notable dec- 
rement is evident (-46.0% control, 30 dps). 

The level of TAPAPS of haemolyirph of 0, senex 
senex is variably modified under the different stressant 



regimes. (Table 4-27; Fig. 4.27). These variations 
are found to be statistically significant (Table 4.27a). 

Under Cd- regime, the HL-TAPAPS is decrementally 
modified in the shorter stress-duration (-12.7% control, 
15 dps) . This change is statistically non-significant 
(Table 4.27a). In the longer stress -duration a small 
but statistically significant elevation is recorded 
(+25,6% control, 30 dps). 

Under pH- regime, both stress-durations are 
associated with statistically non-significant altera- 
tions of TAP APS of HL (-6.9% control, 15 dps; +7.2% 
control, 30 dps) . 

In the combinational regimes, notable, statis- 
tically significant depressions are evident in both 
stress-durations (-33.2% control, 15 dps; -47.9% control, 
30 dps) . 


The haemolymphatic total protein (TP) content 
is variably influenced by the different regimes. The 
shorter stress-durations are marked by depressions, 
consistently, and the longer durations, by elevations 
generally (Table 4.28; Fig. 4,28). These variations 
are found to be statistically significant (Table 4,28a). 

The shorter duration Cd-stress is marked by a 
small statistically non-significant depression of HL-TP 



(-13.8% control, 15 dps, and the longer duration, by 
an elevation (+23.8% control, 30 dps) which is statis- 
tically significant. 

pH-stress causes only statistically non-signi- 
ficant changes of HL-TP in both stress durations (-10.8% 
control, 15 dps; +7.1% control, 30 dps). 

Under coirlbi national regime, the shorter duration 
decreament (-5.2% control, 15 dps) is not significant 
while the longer durations decrement (-22.5% control, 

30 dps) is significant. 

The haemolymphatic TlTPS-content is consistently 
decrementally modified under the different stress-regimes 
(Table 4.29; Fig. 4.29). These variations are statistic- 
ally significant (Table 4.29a). 

Under Cd- regime, notable decrements of HL-TNPS 
are recorded in both shorter and longer stress-durations 
(-48.2% control, 15 dps; -65.7% control, 30 dps). 

Under pH-regime, the longer stress-duration 
decrement (-51.4% control, 30 dps) is considerably higher 
than the shorter stress-duration decrement (-24.8% control, 
15 dps) . 


Under the combinational regime, the shorter 


stress-duration is associated with a decrement (-28.3% 
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control, 15 dps) which is statistically significant 
end the ledger dtiiaticsa, with a very small# statisti- 
cally non-sigai£icsant deerwent (- 3#0% ewtrol, 

30 <%3S) • 

The haemolymphatic total lipid (TL) of 0, 
s«iex senex shows consistent incremental changes in 
the levels under all the differant stress regtees aad 
durations studied (Table 4*30? lig* 4.30) • These 
variations are found to be statistically significant 
(T^le 4,30a). 

Under both individual and cotribinatiQnal 
stresses, tlie incremental dianges have been found to 
foe consistently progressive, with reference to the 
stress duratiOT, i,e,# the Icsiger stress-duration 
causing higher increment of hl-T3L» than the Sorter 
stress-duration (G^i t 84,40?S cxaatrol, 15 <%is? 

4- lS0.0?i control# 30 pH * 75,0?4 csatrol# 15 ^st 
+ 172*0?£ csantrol, 30 c|gs? coribined stress* t 147% 
osantrol# IS <%>sf t 231% control, 30 <^s) , 

The general depression altera- 
tions noted in the organic 
IV 4 CX1«H1KT .(SQj^osition of ih® different 

tissues of .se^.e^ under different atressant 

regimes accord well with the literature r^orts on 



stressant aad tOKicophysiology and bioctianistry 
{Me Carthy# 1969 $ De Zwaan ^ 1975^ Kaslaus- 

kene and Scfcchejfclna, 1975? Bubel# 1976? Mayer# 1977? 
Rajarami Reddy, 1979; Gardner 1981; Pecon and 

Powell, 1981 and BalavenkatastJtobaiah, 1984) • 
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T^'BLE 4«I-- Effect of individual and corteined in vivo 


stress of Cd & pH on Taeaps of CTGM in 
2* s ensx . 

(Values, expressed as mg of glucose/g wet 
i.jeight, nre mean + S.D. of 6 determinations). 

Control s 21.0+1.20 


Stress 

15 d 

Change % 
Control 

30 d 

Change % 
Control 

c 

Cd 

12.0 

- 42.7 

24.6 

+ 17.2 


+ 0 .60 


± 3.00 


pH 

13.0 

- ^8.0 

16.5 

- 21.4 


± <^*53 


+ 3.10 


Conibined 
(Ccmb. ) 

10.5 

+ 0.32 

- 50.0 

12.3 

+ 0.93 

- 41.4 



TABLE 4. la s Ccmparison of means of TAEAPS of CTGM in 
2* genex senex with reference to stress 
conditions presented in Table 4.1. 

P s 548.0 CD = 2.13 


Comparison 

of 


With 


Cd 15 pH 15 Corrb 15 Cd 30 pH 30 Comb 30 


C S S S S S S 

,Cd 15 - NS NS S S NS 

pK 15 - - S S S NS 

Corrib 15 - - « S S NS 

Cd 30 - - - _ S S 

pH 30 - _ > - ^ S 


S s Significant at 5% level i NS : Not Significant. 

CD value was calculated according to the formula 
given in Table 3.1a. 



TABLE 4 . 2 i Effect of individual and conibined in vivo 
stress of Cd & pri on TAP APS of CTGM in 
0. senx senex. 

(Values, expressed as mg of glucose/g wet 
weight, are mean + S.D- of 6 determinations) 

Control : 11.0 + 0.90 


Stress 

15 d 

Change % 
Control 

30 d 

Change °/ 
Control 

Cd 

17.4 

+ 57.6 

15.5 

+ 41.0 


± 1*24 


+ 1.55 


pH 

14.4 

+ 31.0 

6.0 

- 45.5 


± 0*74 


± 1*00 


Ccrribined 

(Comb) 

20.0 

1 • 00 

+ 82.0 

6.0 

+ 0.50 

- 45.5 



TABLE 4.2a i Comparison of means of TAP APS of CTGM in 
0. senex senex with reference to stress 
conditions presented in Table 4.2. 

F a 1241,72 CD = 1,22 


Comparison 



With 



of 

Cd 15 

pH 15 

Carib 15 

1 o 

1 ^ 

pH 30 

Comb 30 

C 

S 

S 

S 

S 

S 

S 

Cd 15 

- 

S 

S 

S 

S 

S 

pH 15 

- 

- 

s 

NS 

s 

s 

Coitib 15 

- 

- 

- 

s 

s 

s 

Cd 30 

- 

- 


- 

S 

s 

pH 30 

- 

— 

4* 

- 

- 

ISB 


S ! Significant at 5 % level; NS ; Not Significant. 

CD value was calculated according to the formula 
given in Table 3. la* 



TABLE 4.3 s Effect of individual and conibined in vivo 
stress of Cd & pH on TP content of CTGM in 
0. senex senex . 

(Values, expressed as mg protein/g wet 
weight, are mean + S.D, of 6 determinations) 

Control t 150 + 20 


Stress 

15 d 

Change % 
Control 

30 d 

Change % 
Control 

Cd 

400 

+ 166 

202 

+ 34.6 


± 55 


+ 28 


pH 

300 

+ lOO 

260 

+ 73.3 


± 56 


+ 27 


Combined 

(Comb) 

35 i 

dz 40 

+ 134 

280 

± 44 

+ 86.6 



TABIjE 4.3a i Comparison of means of TP content of CTGM 
2* senex senex with reference to stress 
conditions presented in Table 4.3. 


Comparison 

F = 434 

- — 

With 

CD 

= 42.63 

of 

Cd 15 pH 15 

Conib 

15 Cd 30 

pH 30 

Conib 30 

C 

S s 

s 

s 

s 

s 

Cd 15 

s 

s 

s 

s 

s 

pH 15 


s 

s 

s 

s 

Corrib 15 

- 

- 

s 

s 

3 

Cd 30 


- 

- 

s 

S 

pH 30 


- 

- 


NS 


S : Significant at 5 % level? NS : Not Significant- 

CD valxie v;as calculated according to the formula 
given in Table 3.1a- 



TABLE 4.4 ^ Effect of indiv^idual and combined in vivo 
stress of Cd Si pH on SP content of CTGM in 
0* senex senex- 

(Values, expressed as mg protein/g wet 
v/eight, are mean + S.D, of 6 determinations). 

Control 2 120.0 -h 10.3 


Stress 

15 d 

Change % 
Control 

30 d 

Change % 
Control 

Cd 

107 

- 10.8 

110 

- 8.4 


+ 3.24 


+ 9-54 


pH 

152 

■ 35.0 

230 

+ 92 


+ 3.40 


+ 3.55 


Combined 

(Comb) 

llo 

± 2.13 

+ 13.4 

250 

+ 22.0 

+ 108 



TABLE 4.4a i Comparison of means of SP content of CTGM 
in 0. senex senex with reference to stress 
conditions presented in Table 4.4. 


Comparison 

F = 

1957 . 17 

. — 

with 

CD 

= 11.80 

of 

Cd 15 

pH 15 

Comb 

15 Cd 30 

pH 30 

Coirfo 30 

C 

s 

S 

S 

NS 

s 

s 

Cd 15 

- 

s 

s 

NS 

s 

s 

pH 15 


- 

s 

S 

s 

s 

Comb 15 

- 

- 

- 

s 

s 

s 

Cd 30 

- 

- 

- 

- 

s 

s 

pH 30 

- 

- 

- 

- 

- 

s 


S ; Significant at 5% level; NS : Not Significant, 

CD value was calculated according to the formula 
given in Table 3.1a. 



TABLE 4*5^ Effect of individual and combinad in vivo 


stress of Cd & pH on TNPS of CTGM in 
0. senex senex . 

(Values/ expressed as /igrams of tyrosine/g 
wet weight/ are meant S.D. of 6 determinations). 

Control 2 451 t 16.3 


Srres s 

15 d 

Change % 

1 

1 

1 

o 

CO 1 

I 

Change ' 

Control 

Control 

Cd 

732 

+ 62.2 

305 

- 32.3 


± 24.0 


± 7.6 


pH 

5 27 

17.0 

433 

- 4.0 


+ 37.6 


± 5.1 


Combined 

358 

- 20.0 

381 

-- 15.5 

(Comb) 

+ 5.8 


t 6.4 




table 4 * 5 a g Comparison of means of TNPS of CTGM in 
□ • senex senex v/ith reference to stress 
conditions presented in Table 4,5. 


F = 

4585.06 



CD 

= 21.70 

Comparison 



With 



Cd 15 

pH 15 

Comb 

15 Cd 30 

pH 30 

Conib 30 

c s 

s 

S 

S 

NS 

S 

Cd 15 

s 

S 

s 

S 

s 

pH 15 - 

- 

S 

s 

S 

s 

Comb 15 - 

- 

- 

s 

s 

s 

Cd 30 


- 

- 

s 

s 

pH 30 

- 

- 

- 

— 

s 


S : Significant at 5 % level; NS : Not Significant. 

CD value was calculated according to the formula 
given in Table 3.1a* 



TABLE 4.6 ; Effect of individual and combined ^ vivo 
stress of Cd & pH on TL of CTGM in 0. senex senex . 

(Values/ expressed as mg/g wet weight/ are 
mean + S.D. of 6 determinations)/ 

Control : 68.8 + 1.10 


Stress 

15 d 

Change % 
Control 

30 d 

Change % 
Control 

Cd 

30.8 

- 55.2 

50.9 

- 26.1 


+ 1.33 


± 1.55 


pH 

33.3 

- 51.5 

53.2 

- 22.7 


± 1.72 


± 1.35 


Combined 

(Corrib) 

34.8 

+ 1.38 

- 49,4 

54.6 

+ 1.37 

- 20.6 



TABLE 4.6a i Comparison of means of TL of CTGM in 0. 

senex senex with reference to stress con- 
ditions presented in Table 4.6. 

F = 587.068 CD = 6.17 


Comparison 

of 


Cd 15 


With 


pH 15 Comb 15 Cd 30 pH 30 Con*) 30 


C 

S 

s 

s 

s 

s 

s 

Cd 15 

- 

NS 

MS 

s 

s 

s 

pH 15 

- 

- 

NS 

s 

s 

s 

Coirib 15 

- 

- 

- 

s 

s 

s 

Cd 30 

- 

- 

- 

- 

NS 

NS 

pH 30 

- 

- 

- 


- 

NS 


S s Significant at 5 % level; NS : Not Significant. 

CD value was calculated according to the formula 
given in Table 3.1a. 



TABLE 4.7 s Effect of individual and combined in vivo 
stress of Cd & pH on TAEAPS of M in 
0. senex senex . 

(Values, expressed as mg of glucose/g wet 
weight, are mean + S.D. of 6 determinations) 

Control : 26.6 + 2.60 


Stress 

15 d 

Change % 
Control 

30 d 

Change % 
Control 

Cd 

10.4 

- 60.0 

15.6 

- 41.4 


+ 1 ,02 


+ 1.30 


pK 

19.0 

- 28.6 

14.3 

- 46.0 


+ 1.55 


± 1.35 


Combined 

(Comb) 

6.25 

+ 1.21 

- 76.5 

10.2 

+ 1.33 

- 61.5 



TABLE 4t7a s Comparison of means of TAEAPS of M in 0, 
senex senex with reference to stress con- 
ditions presented in Table 4«7. 


Comparison 

F = 

739.60 

- - 

With 

CD 

- 1.81 

of 

Cd 15 

pH 15 

Corrib 

15 Cd 30 

pH 30 

Corrib 30 

C 

S 

S 

S 

S 

S 

S 

Cd 15 

- 

S 

s 

S 

s 

NS 

pH 15 

- 

- 

s 

S 

s 

S 

Corrib 15 

- 

- 

- 

S 

s 

S 

Cd 30 



- 

- 

NS 

s 

pH 30 


- 

- 

- 

- 

s 


S : Significant at 5% level; NS ; Not Significant. 

CD value was calculated according to the formula 
given in Table 3.1a. 



T.ABLE 4.8 1 Effect of individual and combined vivo 
stress of Cd & pH on TAP APS of M in 
0. senex senex- 

(Values ; expressed as mg glucose/g wet 
weight, are mean + S.D.of 6 determinations). 

Control : 20.0 + 1.50 


Stress 

15 d 

Change % 
Control 

30 d 

Change % 
Control 

Cd 

16.0 

20.0 

22.4 

+ 12 #0 


± 1.53 


± 2.54 


pH 

19.0 

- 5.00 

7.00 

- 65.0 


•+ 1.30 

~r 


+ 0.60 


Combined 

(Comb) 

6.40 

+ 0,75 

- 68.0 

5.40 

+ 0.60 

- 73.0 



TABLE 4,8a; 


Conparison of means of TAP APS of M in 0 
senex senox with reference to stress condi- 
tions presented in Table 4*8. 

P = 835.0 CD = 1.65 


Comparison 

Cd 15 


mm mm mm 

With 

mm mm mm 

mtm mm mm mm 

pH 15 

Corrb 

15 Cd 30 

pH 30 

Corrb 30 

C S 

NS 

S 

S 

S 

S 

Cd 15 

S 

S 

S 

S 

s 

pH 15 

- 

s 

S 

s 

s 

Corrib 15 

- 

- 

s 

NS 

NS 

Cd 30 

- 

- 

- 

s 

S 

pH 30 

- 

- 

- 

- 

S 


S : Significant at 5% level? NS : Not Significant. 

CD value was calculated according to the formula 
given in Table 3.1a. 



TAEI^___£j^s Effect of individual and combined ^ vivo 


stress of Cd Sc. pH on TP content of M in 
0. senex senex . 

(Values/ expressed as mg protein/g wet 
weight/ are mean + S.D.of 6 determinations^^ 

Control J 350 + 11.8 


Stress 

15 d 

Change % 
Control 

30 d 

Change % 
Control 

Cd 

250 

- 28.6 

320 

- 8.6 


+ 15.6 


+ 22.2 


pH 

400 

+ 14,2 

275 

21.4 


+ 24.1 


H; 30 . 0 


Combined 

(Cotb) 

200 

+ 16.2 

- 43.0 

240 

± 14.5 

- 31,5 



TABIjE 4.9a i Comparison of means of TP content of M in 


2* scnex senex with reference to stress 
conditions presented in Table 4.9. 


Comparison 

P = 

1552.82 

. — 

With 

CD a 

mm mt ■0m 

23.46 

of 

Cd 15 

pH 15 

Comb 

15 Cd 30 

pH 30 

Ccarib 30 

C 

S 

S 

S 

S 

S 

S 

Cd 15 

- 

s 

s 

s 

S 

NS 

pH 15 

- 

- 

s 

s 

S 

S 

Conib 15 

- 


- 

S 

s 

s 

Cd 30 

- 

- 

- 


s 

s 

pH 30 


- 

- 

- 

- 

s 


S i Significant at 5% level; NS : Not Significant. 

CD value was calculated according to the formula 
given in Table 3,1a. 



TABLE 4i.l0 s Effect of individual and combined jji vivo 
stress of Cd & pH on SP content 'of M in 
0. senex senex . 

(ValuesA expressed as mg protein/g wet 
weight, are mean + S.D. of 6 determinations). 

Control ; 114 ± 16.0 


Stress 

15 d 

lhange % 
Control 

30 d 

Change % 
Control 

Cd 

170 

- 50.C 

166 

4* 46 ♦ 0 


± 27.6 


± 23.6 


pH 

188 

» 65 • 3 

215 

+ 89.0 


± 26.0 


+ 23.0 


Corttoined 

(Corrib) 

185 

+ 17.3 

t 62.4 

195 

± 23.7 

+ 71.0 



table 4.10a s eorrparison of means of SP content of M in 


0. senex senex with reference to stress 
conditions presented in Table 4.10. 


F = 

Conp arisen 

431-4 

— 

with 

CD 

=* 26.70 

of 

Cd 15 

pH 15 

CesrOb 

15 Cd 30 

pH 30 

Conib 30 

c s 

s 

S 

S 

s 

S 

Cd 15 

NS 

NS 

NS 

s 

NS 

pH 15 

- 

NS 

NS 

s 

NS 

Comb 15 


- 

NS 

s 

NS 

Cd 30 


- 

- 

s 

S 

pH 30 

— 

-- 

- 


NS 


S : Significant at 5% level; NS : Not Significant, 

CD Value was calculated according to the formula 
given in Table 3.1a. 



TABLE 4»ll i Effect of individual and combined ^ vivo 
stress of Cd & pH on TNPS of M in 
0. senex senex . 

(Values/ expressed as /igrams of tyrosine/ 
g wet weight, are mean ± S.D.of 6 deter- 
minations) . 

Control : 320 + 22.0 


S tires s 

15 d 

Change % 
Control 

30 d 

Change % 
Control 

Cd 

425 

- 33.0 

300 

- 6.30 


± 28.5 


+ 18.4 


pH 

330 

- 3.04 

426 

+ 33.0 


+ 23.1 


± 17.3 


Combined 

(Coinb) 

164 

± 29.3 

- 48.8 

565 

+ 30 

+ 76.4 



TABLE 4. lia s Comparison of means of TtlPS of M in 0 


senex senex with reference to stress con- 
ditions presented in Table 4.11. 


F rs 

Coirp arisen 

1673.0 

. — 

With 

CD = 

28.81 

^ ^ 

Cd 15 

pH 15 

Comb 

15 Cd 30 

pH 30 

Comb 30 

C S 

NS 

S 

NS 

S 

S 

Cd 15 

s 

s 

S 

NS 

s 

pH 15 

- 

s 

S 

S 

S 

Comb 15 - 

- 


s 

s 

s 

Cd 30 

- 


- 

s 

s 

pH 30 

- 

- 

- 

- 

s 


S ; Significant at 5% level; NS ; Not Significant. 

CD value was calculated according to the formula 
given in Table 3.1a. 



TABLE 4.12; 


Effect of individual and combined in vivo 
stress of Cd & pH on TL of M in 0. se pp c 
senex 


(Values/ e^^ressed as mg/g wet weight/ 
are mean + S.D. of 6 determinations). 


Control: 37.3 + 1.09 


Stress 

15 d 

•Mt MW «M. 

Change % 
Control 

30 d 

Change % 
Control 

Cd 

28.4 

- 24.0 

24.4 

- 34.7 


+ 1.13 


+ 1*18 


pH 

84.8' 

127 

63.9 

+ 71.1 


+ 1.32 

* 

± 1*40 


Combined 

(Comb) 

69." 

+ 1 . 2^ 

. ■¥ '86.6 

40.3 

+ I.IB 

+ 7 #80 



table 4>l2a : Comparison of means of TL of M in 0# 
sen ex senex with reference to stress 
c.onditions presented in Table 4*12* 



P « 

13719. 

268 


CD 

= 1.43 

Comparison 




With 

**•••“"* 


of 

Cd 15 

pH 15 

Comb 

15 Cd 30 

pH 30 

Caiib 30 

C 

s 

s 

S 

S 

s 

s 

Cd 15 

- 

s 

s 

s 

s 

s 

pH 15 

- 

- 

s 

s 

s 

s 

Comb 15 

- 

- 

- 

s 

s 

s 

Cd 30 

- 


• 

- 

s 

s 

pH 30 

- 

- 

- 


- 

s 






mm mm m 

* - 


S : Significant at 5% level; NS ; Not Significant. 

CD value was calculated according to the formula 
given in Table 3.1a# 



TABLE 4.13 ; Effect of individual and combined in vivo 
stress of Cd & pH on TAEAPS of HP in 
0. senex senex . 

(Values, expressed as mg of glucose/g wet 
weight, are mean + S.D. of 6 determinations). 

Control : 29.1 + 1.30 


Stress 

15 d 

Change % 

30 d 

Change % 

Control 

Control 

Cd 

18.1 

- 37.7 

10.4 

- 64.3 


+ 1.44 


+ 1.15 


pH 

12.6 

- 56.6 

16.0 

- 45.0 


+ 1.86 


jh 4 • 44 


Combined 

14.4 

- 50.0 

32.0 

+ 10.0 

(Corrib) 

± 1*61 


Hh 8 • 20 




TABLE 4.13a i Comparison of means of TAEAPS of HP in 
0. senex senex with reference to stress 
conditions presented in Table 4,13. 


F = 

Comparison 

210.07 

- - 

With 

CD s 

4.39 

Cd 15 

pH 15 

Comb 

15 Cd 30 

pH 30 

Cor±> 30 

G S 

s 

s 

s 

s 

NS 

Cd 15 

s 

NS 

s 

NS 

s 

pH 15 

- 

NS 

NS 

S 

s 

Conib 15 

- 

- 

NS 

NS 

s 

1 

o 

cn 

a 

- 

- 

- 

S 

s 

pH 30 

- 

- 

- 

- 

s 


S : Significant at 5% level; NS : Not Significant. 

CD value was calculated according to the formula 
given in Table 3.1a- 



TABLE 4.14 t Effect of individual and canbined ^ vivo 
stress of Cd & pH on TAPAPS of HP in 
0. senex senex . 

(Values, expressed as mg of glucose/g wet 
weight, are mean + S.D.of 6 determinations). 

Control ; 10.0 + 2.12 


Stres s 

15 d 

Change % 
Control 

30 d 

Change % 
Control 

Cd 

15.6 

+ 56.0 

16.3 

+ 83.0 


Hh 4 • 00 


± 5.31 


pH 

13.6 

^ 36.3 

11.1 

+ 11.0 


±3.20 


± 3.00 


Combined 

(Conb) 

mm mm, ^ mm mm mm m 

7.80 

± 0.88 

- 22.0 

6.00 

+ 0 #6 2 

- 40.0 



TABLE 4.14a t Comparison of means of TAP APS of HP in 

senex senex with reference to stress 
conditions presented in Table 4»14» 


F rr 

Ccmparison 

114.36 

. — 

With 

CD 

* 3.56 

Cd 15 

pH 15 

Corrto 

15 Cd 30 

pH 30 

Conb 30 

C s 

s 

S 

S 

NS 

S 

Cd 15 

NS 

s 

NS 

s 

S 

pH 15 

- 

s 

S 

NS 

S 

Comb 15 - 

- 

mm 

S 

NS 

NS 

Cd 30 

- 

- 

- 

S 

S 

pH 30 

- 

- 


• 

S 


S : Significant at S% level; NS t Not Significant. 

CD value was calculated according to the formula 
given in Table 3.1a. 



TABLE 4.15 : Effect Of individual and combined 1^ vivo 
stress of cd & pH on TP content of HP in 
0, senex senex . 

(Values, expressed as mg protein/g wet 
weight, are mean + S.D. of 6 determinations). 

Control ! 221 + 21.0 


Stress 

15 d 

Change % 
Control 

30 d 

Change % 
Control 

Cd 

420 

+ 90,0 

330 

+ 50,0 


+ 16.7 


t 22.6 


pH 

261 

+ 20.0 

382 

+ 72,6 


± 14.2 


± 13«6 


Combined 

(Comb) 

275 

± 12*2 

+ 24.2 

315 

± 21.2 

4* 42*5 



TABLE 4.15ai Ccmparison of means of TP content of HP 


2* senex senex with reference to 
stress conditions presented in Table 4,15- 

F s 2288.6 CD s 20.84 


Comparison 

m mm ttm mm 



With 


M* aw 

of 

Cd 15 

pH 15 

Conib 

15 Cd 30 

pH 30 

Cont) 30 

c 

S 

S 

S 

S 

S 

S 

Cd 15 

- 

s 

S 

S 

s 

S 

pH 15 

- 

- 

NS 

s 

s 

S 

Comb 15 

- 

- 

- 

s 

s 

S 

Cd 30 

- 

• 

- 

- 

s 

NS 

pH 30 

- 


“ 

“ 

- 

S 

• 


S : Significant at 5 % level; NS s Not Significant. 

CD Value was calculated according to the formula 
given in Table 3.1a. 



TABItS 4# 16 : Effect of individual and conbined ijg vivo 
stress of Cd Sc pH on SP content of KP in 
0. senex senex. 

(Values, expressed as mg protein/g wet 



weight/ 

are mean ± 

S.D. of 6 determinations) 



Control : 

180 + 11 .7 


Stres s 

15 d 

Change % 
Control 

30 d 

Change % 
Control 

Cd 

218 

+ 21.4 

216 

+ 20.0 


+ 16-7 


± 17.8 


pH 

214 

+ 18.4 

250 

+ 38.7 


+ 29-0 


+ 27.0 


Combined 

(Comb) 

216 

+ 19.6 

+ 20-0 

240 

+ 13.2 

+ 33.4 



TABLE 4 *16 a s Comparison of means of SP cont:ent. of HP 

2 * senex senex with reference fo sfress 
conditions presented in Table 4*16- 

F = 837*17 CD « 23^64 


Comparison 



With 



Cd 15 

pH 15 

Comb 

15 Cd 30 

pH 30 

Comb 30 

c s 

S 

S 

S 

S 

S 

Cd 15 

NS 

NS 

NS 

S 

NS 

pH 15 

- 

NS 

NS 

S 

S 

Corrib 15 

- 

- 

NS 

S 

s 

Cd 30 

- 

- 

- 

s 

s 

pH 30 

- 

- 

-* 


NS 

S : Significant 

at 5% 

level 

; NS : Not 

Significant. 


CD 'V'alue was calculated according to the formula 
given in Table 3 •la. 



TABLE 4.17 ? Effect of individual and combined -in vivo 


stress of Cd & pH on TNPS of HP in O. 
senex senex. 

(Values/ expressed as ;agratns of tyrosine/ 
g wet weight, are mean + S.D. of 6 deter- 
minations ) . 

Control : 235 + 20.0 


Stress 

15 d 

Change % 
Control 

30 d 

Change % 
Control 

Cd 

287 

+ 22.0 

251 

+ 7.00 


+ 20.0 


+ 26.2 


pH 

680 

+ 189 

304 

+ 30.0 


+ 20.0 


+ 17.3 


Ccatibined 

(Ccmb) 

210 

± 15.5 

- 10.8 

377 

+ 15.2 

+ 60*0 



TABLE 4.17a : Comparison of means of TNPS of HP in 

0. senex senex with reference to stress 
conditions presented in Table 4.17. 


F = 

2505.86 



CD 

= 22.71 

Comparison 

Cd 15 

pH 15 

Corrib 

with 

15 Cd 30 

pH 30 

Comb 30 

C s 

S 

s 

NS 

S 

s 

Cd 15 

s 

S 

S 

NS 

s 

pH 15 


s 

S 

S 

s 

Corrib 15 - 

- 

- 

s 

s 

s 

Cd 30 

- 

- 

- 

s 

s 

pH 30 

— 

- 



s 


S ; Significant at 5 % level; NS : Not Significant. 

CD value was calculated according to the formula 
given in Table 3.1a. 



TABLE 4.18 ? Effect of individual and canbined in vivo 
stress of Cd & pH on TL of HP in 0, senex 
senex . 

(Values, expressed as mg/g wet weight# are 
mean + S.D.of 6 determinations). 

Control : 112 ± 1.81 


Stress 

15 d 

Change % 
Control 

30 d 

Change % 
Control 

Cd 

156 

4* 38 #6 

120 

+ 7.15 


± 


+ 0.840 


pH 

180 

• 60.0 

143 

+ 27.3 


+ 1.06 


+ 0.820 


Combined 

(Ccxiib) 

156 

+ 1.01 

+ 38.6 

117 

+ 3.54 

+ 4.00 



TABLE 4.18a i Corr^arison Of means of TL of HP In O, 
senex senex with reference to stress 
conditions presented in T^le 4,18. 

P = 48492.02 CD a 2.01 


Ccmp arisen 
of 


With 

Cd 15 pH 15 Comb 15 Cd 30 pH 30 Ccarto 30 


c 

s 

S 

s 

s 

s 

s 

Cd 15 

- 

s 

lOS 

s 

s 

s 

pH 15 

- 

- 

s 

s 

s 

s 

Corrib 15 

- 

- 

- 

s 

s 

s 

Cd 30 

- 

- 

- 

- 

s 

s 

pH 30 

- 


— 



s 


S : Significant at 5 % level; NS s Not Significant. 

CD value was calculated according to the formula 
given in Table 3,1a. 



TABLE 4.19 1 Effect of individual and combined in vivo 


stress of Cd & pH on TAEAPS of G in 0, 
senex senex ^ 

(Values, eijpressed as mg of glucose/g wet ■ 
weight, are mean + S.D.of 6 determinations). 

Control 3 25.5 + 2.00 


Stress 

15 d 

Change % 
Control 

30 d 

Change % 
Control 

Cd 

8.00 

- 68.6 

17.5 

- 31.4 


+ 0 *60 


+ 2.66 


pH 

14.3 

- 44.0 

15.0 

- 41.0 


± 1.06 


± 2.10 


Coribined 

(Coirib) 

10.0 

i 0*50 

- 60.0 

8.20 

+ 0.66 

- 68.0 



TABLE 4.19a i Comparison of means of TAEAPS of G in 


senex senex with reference to stress 
conditions presented in Table 4,19, 


F = 

652.5 



CD s 

1.85 

Comparison 

Cd 15 

pH 15 

Corrib 

With 

15 Cd 30 

pH 30 

Corrib 30 

C S 

S 

S 

S 

S 

S 

Cd 15 

s 

S 

S 

s 

NS 

pH 15 

- 

S 

s 

NS 

S 

Corrib 15 


- 

s 

s 

S 

Cd 30 

- 

- 

- 

s 

s 

pH 30 

- 



mm 

s 


S : Significant at 5 % level; NS : Not Significant. 

CD value was calculated according to the formula 
given in Table 3.1a. 



TABLE 4.20 i Effect of individual and combined ^ vivo 
stress of Cd & pH on T/iPAPS of G in 0. 
senex senex . 

(Values/ expressed as mg of glucose/g wet 
weight/ are mean + S.D»of 6 determinations) 

Control : 15.4 + 0.80 


Stress 

15 d 

Change % 
Control 

30 d 

Change % 
Control 

Cd 

16.7 

+ 9-00 

13.0 

- 15.6 


± 2.00 


+ 1 . 00 


pH 

20.7 

+ 34.4 

8.50 

- 44.8 


+ 1.75 


+ 0.63 


Combined 

(Corrib) 

10.5 

+ 1.05 

- 31.8 

8.30 

+ 0.80 

-46.0 



TABLE 4.20a i Conparison of means of TAP APS of G in 


0, senex senex with reference to stress 
conditions presented in Table 4,20. 


P r: 

Comparison 

888.63 

. ^ - 

With 

CD 

» 1.45 

Cd 15 

pH 15 

Comb 

15 Cd 30 

pH 30 

Corrib 30 

C NS 

s 

s 

s 

s 

S 

Cd 15 

s 

s 

s 

S 

s 

pH 15 

- 

s 

s 

s 

s 

Corrib 15 - 

- 

- 

s 

s 

s 

Cd 30 

- 

- 

- 

s 

s 

pH 30 - ' 

- 


- 

- 

m 

m wnk «<» 


S : Significant at 5% level? NS : Not Significant. 

CD value was calculated according to the formula 
given in Table 3.1a. 



TABL£4j^t Effect of individual and combined in vivo 


stress of Cd & pH on TP content of G in 
0. senex senex . 

(Values# expressed as mg protein/g wet 
weight/ are mean + S.D-of 6 deterroi nations). 

Control : 191 + 15.5 


Stress 

15 d 

Change % 
Control 

30 d 

Change % 
Control 

Cd 

250 

+ 31.0 

210 

+ 10.0 


^ 10»6 


+ 17.0 


pH 

185 

- 3.4 

280 

+ 46.4 


± 20.7 


+ 18.7 


Combined 

(Conib) 

246 

± 20.5 

+ 28.5 

328 

+ 13.7 

+ 71.3 



TABLE 4>2lai Comparison of means of TP content Of G in 


2* senex senex with reference to stress 
conditions presented in Table 4.21, 

P = 1465.55 CD a 19.95 


Coitparison 


With 




• m M 

Cd 15 

pH 15 

mm mm 

conib 15 

Cd 30 

pH 30 

w* 

Comb 

MM Mt, M 

30 

C S 

NS 

■ S 

NS 

S 

s 


Cd 15 

S 

NS 

S 

s 

s 


pH 15 

- 

S 

s 

s 

s 


Comb 15 

- 

- • 

s 

s 

s 


Cd 30 

... 

- 

- 

s 

s 


pK 30 

- 

mm 

- 

- 

s 

m MM 


S : Significant at S% level; NS i Not Significant 

CD value was calculated according to the formula 
given in Table 3.1a. 



TABLE 4.22? Effect Of individual and cortibined in vivo 


stress of Cd & pH on SP content of 0 in 
0. senex senex > 

(Values/ expressed as mg protein/g wet 
weight/ are mean + S.D.of 6 determinations) 

Control ; 153 + 19,2 


S tr es s 

15 d 

Change % 
Control 

30 d 

Change % 
Control 

Cd 

171 

+ 11,8 

123 

- 19.8 


± 6.0 


18 * 1 


pH 

151 

- 1.60 

215 

+ 40.5 


6.0 


+ 17.0 


Combined 

(Corrib) 

198 

± 16.1 

+ 29.0 

150 

± 9.53 

- 1.60 



TABLE 4«22a : Conparison of means of SP content of G in 


ssnex senex with reference to stress 
conditions presented in Table 4,22. 


P =: 

Comparison 

990.5 

^ 

With 

CD 

= 16.61 

Cd 15 

pH 15 

Cotib 

15 Cd 30 

pH 30 

Conib 30 

c s 

NS 

S 

S 

S 

NS 

Cd 15 

s 

S 

S 

S 

S 

pH 15 

- 

S 

s 

S 

NS 

Coirib 15 - 


- 

s 

S 

S 

Cd 30 

- 

- 


s 

3 

pH 30 

- 

- 

MKf 


S 


S = Significant at 5% level; NS * Not Significant. 

CD Value was calculated according to the formula 
given in Table 3.1a. 



TABLE 4.23 s Effect of individual and combined ^ vivo 

stress of Cd & pH on TNPS of G in 0. senex 
senex . 

(Values/ expressed as ;u.grams of tyrosine/g 
wet weight, are mean + S.D. of 6 determina- 
tions) . 

Control 5 300 + 25-2 


Stress 

15 d 

Change % 
Control 

30 d 

Change % 
Control 

Cd 

363 

+ 21.1 

328 

+ 10.0 


± 25.7 


± 20.0 


pH 

480 

4* 60#0 

307 

+ 2.33 


± 21.3 


± 15.0 


Combined 

(Corrib) 

315 

± 19.3 

+ 5 • 10 

377 

‘4 2^2 • 3 

+ 26.0 



TABLE 4.23a s Ccmparison of means of THPS of G in 0, 
83nex senex with reference to stress 
conditions presented in Table 4.23, 


F - 

Coitparison 

Cd 15 

1934.62 

mm mm 

With 

CD = 25.22 

pH 15 

Ccrab 

mm mm 

15 Cd 30 

pH 30 

mm mm mm m 

Ccsrib 30 

c s 

S 

NS 

S 

NS 

S 

Cd 15 

S 

S 

S 

S 

m 

pH 15 

- 

s 

S 

S 

s 

Comb 15 

.. 

- 

NS 

NS 

s 

Cd 30 

- 

- 

- 

NS 

s 

pH 30 

- 

- 

- 

- 

s 


mm mm 

n*# ’im 

mm mm mm mm 

mm mm mm m 

m mm mu m ^0 


S = Significant at 5% level; NS ; Not Significant. 

CD Value was calculated according to the formula 
given in Table 3.1a. 



TABLE 4t24 i Effect of individual and cwibined ^ viv<^ 
stress of Cd & pH on TL of G in 0* sertex 
senex . 

(Values# expressed as mg/g \>«t weight# 
are mean + S.D. of 6 determinations). 

Control t 66.8 + 1.39 


Stress 

15 d 

Change % 
Control 

30 d 

Change % 
Control 

Cd 

49.2 

- 26 ♦ 3 

60.3 

- 9.64 


+ 1.52 


± 1*13 


Ph 

17.5 

- 73.7 

36.6 

« 45.1 


± 1*16 


i ^•34 


Combined 

(Conib) 

96.5 

t 1.21 

+ 44.5 

68.6 

+ 1.15 

+ 2.74 

«■» aw Ml 



TABLE 4.24a t Gcynparison of means of TL of G in 0, senex 
senex with reference to stress conditions 
presented in Table 4.24. 

P = 15902.83 CD « 1.50 



With 

Conto 15 Cd 30 pH 30 Cotib 30 


c s s s s a a 

Cd 15 - S S S S S 

pH 15 - - s S S 3 

Conib 15 - - - S S S 

Cd 30 - - - - S S 

pH 30 - - - - • S 


S IS Significant at 5 % level; KS = Not Significant. 

CD value was calculated according to the formula 
given in Table 3.1a. 



TABLE 4.25 : Effect of individual and corrbined ^ vivo 
stress o-f Gd & pH on ECP of haemolyn^h in 
0. senex senex . 

(Values < expressed as mg/100 ml/ are mean 
S.D«of 6 determinations). 

Control : 537 + 16.6 


Stress 

15 d 

Chang© % 

Control 

30 d 

Change % 
Control 

Cd 

415 

- 23.7 

688 

+ 28.0 


± 


± 22.6 


pH 

384 

- 28.5 

474 

- 11,8 


+ 12.9 


i 22.5 


Cotrbined 

(Comb) 

372 

+ 12.9 

- -31.8 

166 

± 9.75 

- 69.1 



table 4.25a; 


Comparison of means of ECP of haemoljmnph 
senex senex with reference to 
stress conditions presented in Table 4.25, 


P =: 

Comparison 

Cd 15 

5364.65 

im 

With 

CD « 

19.40 

«w* 

pH 15 

Canb 

15 Cd 30 

pH 30 

Corrib 30 

c s 

S 

S 

S 

S 

S 

Cd 15 

S 

S 

s 

S 

S 

pH 15 

- 

NS 

s 

s 

S 

Corrib 15 

- 

- 

s 

s 

s. 

Cd 30 

- 

- 

*4 

s 

s 

pH 30 

- 

- 

tm 

- 

s 

•Nw MM iHto 


S : Significant at 5% level? NS : Not Significant, 

CD Value was calculated according to the formula 
given in Table 3.1a. 



TABLE '» 4>2S { Effect of individual and combined ^ vivo 
stress of cd & pH on TAEAPS of haemolymph 
in 0, senex senex . 

(Values, expressed as mg/100 ml, are 
mean + S.D.of 6 determinations) . 

Control : 69 »0 + 5.02 


Stress 

15 d 

Change % 
Control 

1*** *• 

3? d 

Change % 
Control 

Cd 

32.7 

- 52.6 

' 47.6 

- 31,0 


± 5.85 


+ 9.03 


pH 

42.9 

- 37.7 

51.7 

- 25.3 


± 7-20 


± 8.50 


Ccnibined 

(CoiTib) 

85.5 

± 2.56 

+ 24.0 

37.3 

+ 7.55 

- 46.0 



TABIiE j^,26a s Ccsnparison of means of TAEAPS of 
haemolymph in 0. senex senex with 
reference to stress conditions presented 



in Table 4. 

26. 





P « 455.4 



CD = 

8.02 

Comparison 



With 

aM> Ml 


of 

mm mm mm mm 

Cd 15 pH 15 

Comb 

15 Cd 30 

pH 30 

Cottb 30 

c 

s s 

S 

S 

S 

S 

Cd 15 

s 

S 

S 

S 

NS 

pH 15 


S 

NS 

S 

NS 

Cortto 15 

- 

mm 

S 

S 

S 

Cd 30 

- 

- 

- 

NS 

S 

pH 30 

- 


- 

* 

s 


S : Significant at 5% level; NS : Not Significant. 

CD value was calculated according to the formula 
given in Table 3.1a. 



TABLE 4.27 . Effect of individual and combined i^ vivo 
stress of cd & pH on TAPAPS of haemolyrtiph 
in 0. senex senex > 

(Values/ expressed as mg/100 ml/ aire mean 
+ S.D-of 6 determinations). 

Control : 33.2 + 7,24 


Stress 

15 d 

Change % 
Control 

30 d 

Change % 
Control 

Cd 

' 29.0 

' - 12,7 

41.7 

+ 25.6 


+ 5,83 


+ 7.30 


pH 

30.9 

- 6.90 

35.6 

+ 7.20 


+ 6,28 


i 6.08 


Combined 

(Comb) 

22.2 

+ 2.12 

- 33.2 

17.3 

+ 1,37 

- 47,8 



TABLE 4.27a : Comparison of means of TAP APS Of haenics- 

lyraph in 0. senex senex with reference to 
stress conditions presented in Table 4»27. 


Conroarison 

F = 

211.73 


ao M a* fM 

With 

CD 

« 6,60 

Of 

Cd 15 

pH 15 

Corrib 

15 Cd 30 

pH 30 

Cotib 30 

«N» «WPt «« 

c 

NS 

NS 

S 

S 

NS 

s 

Cd 15 

- 

NS 

s 

s 

S 

s 

pH 15 

- 

- 

s 

s 

NS 

s 

Comb 15 

- 


- 

s 


NS 

Cd 30 

- 


- 

- 

NS 

S 

pH 30 


- 


- 

- 

s 


S : Significant at 5% level; NS s Sot Significant* 

CD value was calculated according to the formula 
given in Table 3.1a. 



TA3I£ 4«28 : Effect of individual aiifet cojnbined jjjn vivo 
stress of Cd & pH oo TP content of haemo- 
lymph in 0. senex senex . 

(Values / expressed as mg/lOCT mi# are mean 
i S.D»of 6 determinations). 

Control : 2534 + 329 


Stress 

15 d 

Change % 
Control 

30 d 

Change % 
Control 

Cd 

2185 

- 13.7 

3137 

+ 23.8 


± 258 


± 496 


pH 

2260 

- 10.8 

2715 

+ 7.14 


+ 207 


+ 285 


Combined 

(Comb) 

2403 

+ 313 

- 5.17 

1964 
± 164 

- 22-5 



TABItS 4.2ea ; Ccmparison of means of TP content, of 
haemolymph in O. senax senex with 
reference to stress conditions presented 
in Table 4.28* 




450.5 



CD « 

362.52 

Comparison 

of 

Cd 15 

pH 15 

C<xnb 

■ with 

15 Cd 30 

pH 30 

Conto 30 

c 

NS 

NS 

NS 

S 

NS 

S 

Cd 15 

- 

NS 


s 

s 

m 

pH 15 

- 

- 

NS 

s 

s 

m 

Comb 15 

- 

- 

- 

s 

NS 

s 

Cd 30 

- 


- 

- 

S 

s 

pH 30 

- 


<mm 

- 


s 


S i Significant at 5% level; N3 ; Not Significant. 

CD value was calculated according to the formula 
given in Table 3.1a. 



TABLE 4.29 : Effect of individual and contoined iji vivo 
stress of Cd Sc pH on TNPS of haemolymph in 
0, senex senex . 

(Values, expressed as mg/100 ml, are 
mean + S.D. of 6 determinations). 

Control : 30.6 + 6.50 


Stress 

15 d 

Change % 
Control 

30 d 

Change % 
Control 

Cd 

15.8 

- 48.2 

10.5 

- 65.7 


4“ S'* 94: 


± 1.88 


pH 

23.0 

- 24.8 

14.8 

- 51.4 


+ 4.88 


4.00 


Combined 

(Corrib) 

21.9 

+ 4.22 

- 28.3 

29.7 
± 6.00 

- 3.0 



Table 4«29a ^ Conparison of means of TNP3 of haemolymph 
in 0. senex senex with reference to stress 
conditions presented in Tai>le 4.29. 

F = 161.7 CD = 5.38 


Ccmp arisen 
of 


Cd 15 pH 15 


With 

Conib 15 Cd 30 pH 30 Conib 30 


C S S S S S NS 

Cd 15 - S S NS NS S 

pH 15 - - NS S S S 

Comb 15 - - - S S S 

Cd 30 - .. - NS S 

pH 30 - _ . - - S 


S : Significant at 5% level; NS i Not Significant. 

CD Value was calculated according to the formula 
given in Table 3.1a. 



TABLE 4«30 ; Effect of individual and combined ^ vivo 
stress of Cd & pH on TL of haerao lymph in 
0. senex senex . 

(Values, expressed as mg/100 ml, are 
mean + S.D-of 6 determinations). 

Control ; 533 4 81.6 


Stress 

15 d 

Change % 
Control 

30 d 

Change % 
Control 

Cd 

983 

4 84.4 

1333 

4 150 


4 75.3 


± 103 


pH 

933 

4 75.0 

1450 

4 172 


4 103,3 


4 105 


Combined 

(Comb) 

1316 

4 75,3 

4 146 

1766 

4- 81.7 

4 231 



TABLE 4.30a t Comparison of means of TL content Of 
haemolymph in 0. senex senex with 
reference to stress conditions presented 
in Table 4.30. 

F = 1333^4 CD = 105,7’. 



With 

Conib IS Cd 30 pH 30 Conib 30 


c 

s 

5 

S 

s 

♦s 

s 

Cd 15 


NS 

‘S 

s 

s 

s 

pH 15 

- 

- 

.s 

s 

s 

3 

Corrib 15 


- 

- 

NS 

s 

s 

Cd 30 

- 


- 

- 

s 

S 

pH 30 


- 

- 

- 


S 


S : Significant at 5% level? NS : Not significant. 

CD Value was calculated according to the formula 
given in Table 3.1a. 



Fig. 4.1: 


Fig. 4. 


Fig. 4. 


Percent change of total acid 
extractable anthrone positive 
substances (TAEAPS) content in 
cephalothoracic ganglionic mass 
(CTCT4) of Cd-, pH- and cortibina- 
tionally (Comb.) intoxicated crabs 
at 15 d and 30 d sublethal exposure 
periods. 

2: Percent change of total acid preci- 

pitable anthrone positive substances 
(TAP APS) content in cephalothoracic 
ganglionic mass (CTGM) of Cd-, pH- 
and combinational ly (Comb.) intoxi- 
cated crabs at 15 d and 30 d sub- 
lethal ejgjosure periods. 

3. Percent change of total protein (TP) 
content in cephalothoracic ganglio- 
nic mass (CTGM) of Cd-, pH- and 
combinationally (Ccrob.) intoxicated 
crabs at 15 d and 30 d sublethal 
exposure periods. 

Percent change of soluble protein 
(SP) content in cephalothoracic 
ganglionic mass (CTGM) of Cd-, pH- 
and combinationally (Ccmfo.) intoxi- 
cated crabs at 15 d and 30 d sub- 
lethal exposure periods. 


Pig, 4.4: 










Fig. 4.5: 


Fig. 4. 


Fig. 4. 


Fig. 4- 


Percent change of total ninhyrlrin 
positive substances (TKPS) content 
in cephalothoracic ganglionic r.ans 
(CTGM) of Cd-, pH— and combina- 
tionally (Ccmb.) intoxicated cralo 
at 15 d and 30 d sub lethal expos'ure 
periods . 

6: Percent change of total lipid (TL ) 

content in cephalothoracic gang- 
lionic mass (CTGM) of Cd-, pli- and 
combinationally (Comb) intoxicate 1 
crabs at 15 d and 30 d sub lethal 
exposure periods. 

7 : Percent change of total acid exti'ac- 

table enthrone positive substaiicos 
(TaeaPS) content in muscle (M) of 
Od-^ pH- and aonbina -ionally (CorJb.) 
intoxicated crabs at 15 d and 30 d 
sublethal exposure periods. 

8» Percent change of total acid preci pi- 
table enthrone positive substances 
(tapaps) content in muscle (M) of 
Cd-, pH- and combinationally (Comb.) 
intoxicated crabs at 15 d and 30 d 
sublethal exposure periods. 











Fig. 4.13; 


Fig. 


Fig. 


Fig. 


Percent change of total acid extrac- 
table enthrone positive sxobstances 
(TAEaPS) content in hepatopancreas 
(HP) of Cd-, pH- and ocmbinationally 
(Ccjnb.) intoxicated crabs at 15 d 
and 30 d sublethal exposure periods, 

4.14: Percent change of total acid preci- 
pitable anthrone positive substances 
(TAPAPS) content in hepatopancreas 
(HP) of Cd-, pH- and combinational ly 
(Comb.) intoxicated crabs at 15 d and 
30 d sublethal exposure periods. 

4.151 Percent change of total protein (TP) 
content in hepatopancreas (HP) of 
Cd-, pH- and combinational ly (Comb.) 
intoxicated crabs at 15 d and 30 d 
sublethal exposure periods. 

4.16: Percent change of soluble protein 
(sp) content in hepatopancreas (HP) 
of Cd-, pH- and ccmbinationally 
(Comb.) intoxicated crabs at 15 d 
and 30 d sublethal exposure periods. 











Picf. 4.l7i Percent change ! of total ninhydrin 
positive substances (TNPS) content 
in hepatopancreas (HP) of Cd— , pH— 
and combinationally (Cortib.) intoxi- 
cated crabs at 15 d and 30 d sub- 
lethal exposure periods. 

Fig. 4.18: Percent change of total lipid (TL) 
content in hepatopancreas (HP) of 
Cd-/ pH- and corribinationally (Ccmb.) 
intoxicated crabs at 15 d and 30 d 
sublethal exposure periods. 

Fig. 4.19: Percent change of total acid extrac- 
table enthrone positive sxib stances 
(TAEAPS) content in gill (G) of Cd-, 
p-'I- and combinationally (Comb.) 
intoxicated crabs a - 15 d and 30 d 
sxib lethal exposure periods. 

Pig. 4.20; Percent change of total acid preci- 
pitable enthrone positive substances 
(TAPAPS) content in gill (G) of Cd-, 
pH- and combinationally (Comb.) 
intoxicated crabs at 15 d and 30 d 
sublethal exposure periods. 













Pig. 4.21; 


Percent change of total protein 
(TP) content in gill (G) of Cd-, 
pH- and ccrrifoinationally (Ccrob.) 
intoxicated crabs at 15 d and 30 d 
sub lethal ejqjosure periods. 

Fig. 4.22: Percent change of soluble protein 
(SP) content in gill (G) of Cd-, 
pH- and corribi nation ally (Comb.) 
intoxicated crabs at 15 d and 30 d 
sublethal exposure periods. 

Pig. 4.23: Percent change of total ninhydrin 
positive sxjbstances (TNPS) content 
in gill (G) of Cd-, pH- and combi- 
nationally (Comb.) intoxicated crabs 
at 15 d and 30 d sublethal exposure 
periods . 

Percent change of total lipid (TL) 
content in gill (g) of Cd-, pH- and 
ccmbinationally (Comb.) intoxicated 
crabs at 15 d and 30 d sublethal 
exposure periods. 


Fig. 4.24: 








Fig« 4.25: Percent change of extra- cellular 
protein (ECP) in haemolyinph (HL) 
of Cd.-/ pH- and combinationally 
(Comb.) intoxicated crabs at 15 d 
and 30 d sublethal exposure periods. 

Fig. 4.26: Percent change of total acid extrac- 
table anthrone positive substances 
(TAEAPS) in haemolymph (HL) of Cd-, 
pH- and conibinationally (Comb.) intoxi- 
cated crabs at 15 d and 30 d sublethal 
exposure periods. 

Pig. 4.27: Percent change of total acid preci- 
pitable anthrone positive substances 
(TAPAPS) in haemolymph (HL) of Cd-, 
pH- and ccmbinationally (Conb.) intoxi- 
cated crabs at 15 d and 30 d siob lethal 
exposure periods. 

Fig. 4.28: Percent change of total protein (TP) 
content In haemolymph (HL) of Cd-, 
pH- and ccmbinationally (Comb.) intoxicated 
crabs at 15 d and 30 d sublethal exposure 
periods . 
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Pig. 4.29: Percent change of total ninhydrin 
positive substances (TNPS) in hae- 
molymph (HL) of Cd-, pH- and combi- 
nationally (Conb.) intoxicated crabs 
at 15 d and 30 d sublethal exposure 
periods. 

Pig. 4,30: Percent change of total lipid (TL) 
in haemolyirph (HL) of Cd-, pH- and 
combinationally (Comb.) intoxicated 
crabs at 15 d and 30 d sublethal 
exposure periods. 
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ACTIVITY LEVELS 
OF ENZYMES 



The stressants Cd and pH 
have been shown as toxic 

V 1 INTRODUCTION agents prima facie (Chapter 

II)/ affecting the metabo- 
lism of the organism, 0. senex senex (Chapter III) . They 
have been found to inflict alterations in the organic 
composition of the tissues of the crab (Chapter IV) . All 
these experimental data reflect the influence of the stre- 
ssants on the sub-cellular catalytic machinery viz., the 
enzyme systems. 

In tliis chapteral location, data on the activity 
levels of sane pertinent enzymes with reference to Cd and 
pH stresses, in the crab will be presented. 


V 2 MATERIALS AND METHODS 

V 2.A ENZYME ASSAYS 


In the present work, the 
following enzymes were 
selected keeping in view 
the physiological and organic 
compositional alterations 


caused by the stressants in the organisms. 


1) AChE: 


Intoxication by stressants is generally known 
to include impairment of locomotor physiology through the 
breakdown of the nervous function. The functional inte- 
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grity of nervous system is reflected in the activity of 
the enzyme acetyl choline esterase (AChE) . In toxicolo- 
gical investigational protocol, AChE activity of the 
neural tissue is included as ah important parameter. In 
the present work, the activity of AChE was estimated in 
the cephalothoracic ganglionic mass (CTGM) under the indi- 
vidual and combinational regimes of the stressants Cd and 
pH. 


The assay protocol was according to Metcalf et al., 

(1957) . 


The reaction mixture in a final volume of 2 ml 
contained: 100 ^oles of phosphate buffer (0.2M); 8 ^amoles 
of substrate (acetyl choline chloride) of 0,2 ml of crude 
honogenate (enzyme source) . The reaction was initiated by 
the addition of enzyme source and the reaction mixture was 
incubated for 30 minutes at the ambient temperature- The 
reaction was arrested by the addition of 2 ml of alkaline 
hydroxylamine hydrochloride followed by 1 ml of 1:1 HCl: 
water. The contents were shaken well and centrifuged at 
1400ftp/W.To the supernatant 0.5 ml of 10% ferric chloride 
solution was added and the optical density was measxxred 
immediately at 540 nm in Bausch and Lonib Spectronic 20 
colorimeter against reagent blank. Zero time controls 
were maintained along with endogenous blanks. Protein 



content was estimated following the procedure of 
Lowry et al»/ (1951). 

2) ATP as e activity 

To assess the effect of stressants on the ener- 
getics of the tissue, the activity levels of ATPase in 
the tissues of 0. senex sen ex were assayed under the 
individual -and combinational stress of Cd and pH. 

The assay protocol for ATPase was- fashioned 
according to Tirri et §1., (1973), with slight modifica- 
tion. 


2% homogenates of the tissues were prepared in 
ice-cold 0.25M sucros solution containing O.OOIM EGTA 
and O.OIM imidazole. The homogenate was divided into 
2 parts. One part was centrifuged at 1400-;^&ii.and the 
supernatant thus obtained was used as enz 3 TOe source for 

94 . 

Mg -ATPase. The second uncentrifuged portion was used 
as the source for the assay of total ATPase. 

The constitution of ruction mixtuxe was arrived 
at following basic assay protocol studies . 

Total ATPase 


The reaction mixture in a final volume of 2 ml 
contained 100 Aimoles of Tris buffer; 20,>umoles each of 



MgCl 2 » NaCl and KCl (cofactors); substrate i.e., 
disodium ATP (8 jjamoles). 

Mg ATP as e 


Reaction mixture in a final volume of 2 ml con- 
tained; 100 jjomoles of Tris buffer; 20 ^oles of MgCl 2 ; 

5 /omoles of NaCl, 5 ^jamoles of KCl; 10 ^nmoles of ouabain 
(potent inhibitor of Na'^-K’^-ATPase) ; 8 ^amoles of sub- 
strate (disodium ATP) , 

The optical density measurements were made in 
Bausch and Loirb Spectronic 20 colorimeter at 720 nm 
against reagent blank. 

The protein content was estimated 'Polinoraetri- 
cally' (Lowry ^ ^-/ 1951) . 

3) Activity levels of dehydrogenases; 

The energetic status of tissues is a function of 
not ATPases alone. The dehydrogenase system of the 
tissues forms the primary biochemical cistemof the 
tissue 'energetic-drain* system. In the present work 
the activity levels of 4 dehydrogenases were estimated 
in the tissues of the normal and stressant treated 


animals . 



Assay Methods 


The activity level of lactate dehydrogenase 
(LDH; L-lactates NAD oxidoreductase EC. 1.1.1.27) was 
assayed according to King (1965) . The activity level 
of succinate dehydrogenase (SDH; succinate; acceptor 
oxidoreductase EC. 1.3.99,1) was according to NachlaS 
et al.# (1960). The assay of glutamate dehydrogenase 
(GDH; glutamate: NAD oxidoreductase EC. 1.4. 1.3) was 
according to Lee and Lardy (1965) and the malate dehy- 
drogenase (MDH; malate: NAD oxidoreductase EC. 1.1. 37) 
assay was according to Nachlas e;t (vide supra) . 

The tissue homogenates ^ prepared in ice-cold 
0.25M sucrose were centrifuged for 15 minutes at 
2500 rpm. The supernatants were \ised as enzyme sources 

After assessment of basic assay protocol^ the 
following assay composition was arrived at as 'stan- 
dardized' assay mixture# for the different enzymes, 

' S tan dardized* mixtures for dehydrogenases 


Enzyme Buffer Substrate* Enzyme INT NAD 

assayed yomoles domoles source /omoles ^nmoles 

ml 


LDH 

100 

40 

0.3 

(0.5) ** 

2.0 

0.1 

SDH 

100 

40 

0.3 

(0.5) ** 

2.0 

0.1 

GDH 

100 

40 

0.3 

(0.5)** 

2.0 

0,1 

imB 

100 

40 

0.3 

(0.5)** 

2.0 

0.1 


* Sodium salt of the relevant substrate was used 

** Values in parentheses give the volume of hcanogenate 
supernatant used for muscle tissue. 



49 


The reaction was initiated by the addition of 
enzyme source and the reaction mixture was incubated for 
30 minutes at the ambient temperature. The reaction liras 
stopped by the addition of 5 ml of glacial acetic acid to 
the reaction mixture. The formazan formed was extracted 
overnight in 5 ml of toluene at 5°C. The optical density 
due to formazan liras read at 495 nm in a Bausch and Lonib 
Spectronic 20 colorimeter, against toluene blank. Pro- 
tein content of enzyme source was estimated according to 
Lowry et (1951). 

4. Activity levels of Aminotransferases ; 

The activity levels of the 2 major aminotrans- 
ferases viz., aspartate (aAT, L-aspartate: 2-oxoglutarate 
aminotransferase, E.C.2.6.1.1) and alanine (aIAT, DL- 
alanine; 2- Qxoglutarate aminotransferase, E,C.2.6.1.2) 
aminotransferase were assayed according to the method of 
Reitman and Frankel (1957) . 

The assays were carried on the sucrose hcmoge- 
nate supernatants. 

The assays were carried out in three tissues viz., 
hepatopancreas (HP), cephalothoracic ganglionic mass (CTGM) 
and chelate leg muscle (M) of 0. sen ex senex . The incuba- 
tion mixture for the two aminotransferases was constituted 


as follows : 



Cotri'.osition of incubation mixture for aminotransferases 


Enzyme 

AAT 

AlAT 

Additi ons 



'“Sub strata 

100 umoles 

200 Tjmoies 

2-Oxoglutarate 

2.5 umoles 

2.5 umoles 

^Buffer 

100 ■umoles 

100 umoles 

Enz^mie source 

Optimal quantum 

Optimal quantum 

Pinal volume 

1.0 ml 

1.0 ml 

asp art ate 

; for AAT 


DL-alanine 

5 for AlAT 


^Phosphate buffers pH 7.4 


Incubation time (at lab. temp.) 

for AAT; 60 minutes 


for AlAT: 30 minutes; pyruvate determined colorimetrically 
witii Bausch and Lorib Spectronic-20 colorimeter against 
blank/ at 546 nm. 


V 2.B preliminary 

STAi^JDARDIZATION 


The stressant regimes/ and 
durations used for experimen- 
tation are given elsewhere 
(Chapter IV) . Tissues for isolation from the organisms 
have already been listed out (Chapter II) . From the 
organisms/ the tissues were isolated in cold. 


Homogenization of the tissue was carried out 
in cold in 0.25M sucrose medium. The homogenate was 
centrifuged at 2400 rpm and the supernatant was used 
as the 'enzyme source'. This enzyme source was used 


in the enz 3 mie assay studies 
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In preliminary standardization experiments, 
optimal values were determined for the quantum of 
tissue, substrate etc,, for preparation of incubation 
mixtures. These standardized values were employed in 
the subsequent systematic 'enzymometric' e3<periments • 


The data with regard to tissue quantum used in 
incubation mixture are appended belowJ 


S.No. 

Tissue 


Quant\*n 

1. 

Cephalothoracic ganglionic mass 
(CTGM) 

30 mg 

2. 

Hepatcpancreas (HP) 


20 mg 

3. 

Chelate leg muscle (M) 


20 mg 

4. 

Gill (G) 


20 mg 


The optimal pH condition for 

the 

different 

enzymes 

1 employed in the present work 

are 

shown below* 

S.No, 

Enzyme 


Optimal pH 

1. 

AChE 


7.4 

2. 

ATPase 


7.6 

3 . 

Dehydrogenas e s 


7.4 

4. 

Transaminases 


7.4 


Since the present crab is poikilothermic or 
ectothermic, the enzyme assay was carried oat at the 
ambient temperature prevailing in the laboratory at the 
time of experimentation. The temperature varied bet- 
VTcen 29--34*C. 
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V 3 RESULTS 

V 3.A CTGM 


The activity levels of AChE in, 
the cephalothoracic ganglionic 
mass (CTGM) are given in table 
5.1 and fig. 5.1. The results 
of statistical assessment of 
these data are given in table 5.1a. The data given in 
table 5.1 show that the stressants show diverse effects 
on the AChE system of the tissue which are found to in- 
volve statistically significant variation (Table 5.1a). 

The variation of AChE activity level is generally 
in the positive (incremental) direction. 


Cd-stress causes an shorter-duration elevation 
(+ 10.8% control) which is not statistically significant. 
The longer stress-dviration under Cd-regime also registers 
a slightly higher elevation (+ 17.0% control, 30 days 
post-stress (dps)) of AChE activity, which is not statis- 
tically significant. 

pK-s tress causes a statistically significant 
depiression during the shorter stress- duration (- 28.0% 
ccsitrol, 15 dps) and elevation during longer stress- 
duration (+ 32.3% control, 30 dps) . 

Under ccaiibinational regime, the activity level 
of the enzyme is slightly and non-significantly modified 
during shorter stress-duration (+ 4.6% control, 15 dps) 



and ahows a very remarkable elevation during the longer 
stress-duration (+ 177% control, 30 dps). 

The stressant regimes cause diverse effects on 
the total ATPase activity levels of CTGM (Table 5.2? 

Pig, 5.2). Statistical analysis of the data are given 
in table 5.2a» 

Cd-stress causes a shorter stress-dxiration ele- 
vation (+ 12.2% control, 15 dps) of the activity level 
of the enzyme which is significant statistically? during 
longer stress-duration, the stress causes a depression 
(- 28.0% control, 30 dps) which too is statistically 
significant. 

Under pH-s tress, during shorter stress-duration 
the activity level of ATPase is elevated (+ 37.8%, con- 
trol, 15 dps) , statistically significant; during longer 
stress-duration, a depression is noted (- 27.2% control, 
30 dps) which is statistically significant. 

Under the combinational regimes the activity 
level of enzyme shows elevation. During the shorter 
stress-duration, the elevation is small (+ 3.5% control 
15 dps) and statistically non-significant? during longer 
stress-duration an astonishingly high elevation is noted 
(+ 412% control, 30 dps) . 



The stressant regimes impose divergent varia- 
tions on the activity level of Mg^'^-ATPase enzyme 
(Table 5.3; Fig, 5.3). Statistical treatment of the 
data is given in table 5,3a. 

Under the individual Cd- regime, the activity 
level of the enzyme undergoes a shorter stress -duration 
elevation (+ 98,5% control, 15 dps) which is statist!"* 
cally significant and longer stress-duration depression 
(- 8.3% control, 30 dps) which is non-significant* 

pH- regime also causes a shorter stress-duration 
elevation (+ 148% control, 15 dps) and a longer stress- 
duration depression (- 5.3% control, 30 dps). 

Under combinational regime of the stressants, 
elevations are not during both stress-durations. The 
elevation during the longer stress -duration (+ 362% con- 
trol, 30 dps) is astonishingly high and the shorter- 
stress-duration elevation (+ 95,5% control, 15 dps) is 
also noteworthy. 

The data given in table 5.4 and figure 5.4 
depict the variable influence of the different stressant 
regimes on the activity levels of AAT in CTGM. Statis- 
tical treatment of the data is provided in table 5.4a* 
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Cd-regime causes small changes in the activity 
levels of the enzyme during both stress-duratiais (+ 2.0% 
control/ 15 dps; + 4.0% control, 30 dps). These changes 
are not statistically significant. 

pH-s tress in contrast, causes remarkable and 
statistically significant alterations in the activity 
levels of this enzyme, AAT. while the shorter stress- 
duration depression (- 89,7% control, 15 dps) is note- 
worthy, the longer stress-duration elevation is astound- 
ing (+ 300% control, 30 dpsj . 

Under combinational regime, the activity levels 
of AAT are modified in the positive (elevation) direc- 
tion in both stress-dUidtions. Of these elevations, the 
longer stress-duration elevation is astounding as in the 
case of pH-regirae (+ 13.3% control, 15 dps; + 301% con- 
trol, 30 dps) . 

The activity levels of the enzyme AlAT are 
modified diversely by the different stress combinations 
and durations (Table 5,5; Fig. 5.5) . These modifications 
are found to conprise of statistically significant 
variance (Table 5.5a). 

Cd-stress has a generally depressory effect on 
the AlAT activity levels of CTGM (- 13.5% control; 
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15 dpsy - 30.0% control, 30 dps). The longer stress- 
diiration effect is found to be statistically significant. 

pH-stress shows diverse effect in the stress- 
durations. In the shorter stress-duration, a ccaiside- 
rahle quantum of depression (- 68.5% control, 15 dps) 
and in the longer duration of duress, an astonishing 
elevation (+ 403% control, 30 dps). 

In the combination regime, the pH-regime pattern 
of effects is repeated, but at a slightly smaller scale 
(- 16.5% control, 15 dpsy + 350% control, 30 dps). 

Table 5.6 (Fig. 5,6) gives evidence for the 
general depressoy effect of the different stressant 
regimes on the activity levels of GDH of CT® in 0. sen ex 
senex . The data are found to conprise of significant 
variance (Table 5.6a). 

Cd-s tress causes depression of the activity 
level of GDH in both stress-duratiore (- 75,0% control, 

15 dps; - 61.3% control, 30 dps). These changes are 
statistically significant. 

The modification pattern under pH-regime is 
similar to that under Cd-regime (- 56.0% control, 15 dps; 
- 45.4% control, 30 dps). Changes under this regime 
also are statistically significant. 
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Under the conbinational regime/ the activity 
level of GDH undergoes a shorter stress-duration de- 
pression (- 17,7% control/ 15 dps; statistically non- 
significant) and longer stress-duration elevation 
(+ 15,4% control/ 30 dps; statistically non-significant). 

The activity level of SDH of CTGM is uniformly 
depressorily modified by the different stress ant- regimes 
(Table 5.7; Fig, 5,7), These alterations are found to 
comprise of statistically significant variance 
(Table 5.7a). 

Under the three regime- types / the depressory 
effects are progressive i*e*, smaller in the shorter 
stress -duration and lc”ger in the longer stress-duration 
(Cd! - 61,8% control, 15 dps; - 53,3% control, 30 dps; 
pHs - 48,8% control 15 dps; - 74.5% control, 30 dps; 
combinational regime: - 19.4% control, 15 dps; -53.3% 
control, 30 dps). 

The activity levels of LDH of CTGM is modified 
in a general depressory direction under the different 
stressant regimes (Table 5.8; Fig. 5,8; Statistical 
evaluation: Table 5,8a). 

Under Cd-s tress, the activity level of LDH is 
consistently depressed (- 53.8% control, 15 dps; 



-61.0% control, 30 dps) . The situation is the same 
under pH-s tress too (- 79,4% control, 15 dps; - 42.8% 
control, 30 dps). 

Under the combinational regime, the pattern of 
modification of enzyme activity is made of depression- 
elevation sequence i.e., shorter stress -duration depre- 
ssion and longer stress-duration elevation (- 71.8% con- 
trol; 15 dps; + 91.0% control, 30 dps). 

Under the .different stressant regimes, the acti- 
vity level of MDH of CTGM of 0, senex senex shows a 
depression-elevation pattern, with reference to the two 
stress-durations employed (Table 5,9; Pig. 5,9; Statis- 
tical evaluation: Tablj 5,9a). 

Under Cd-stress, the shorter stress-duration 
depression of activity level of the enzyme (- 45,0% 
control, 15 dps) is statistically significant while the 
longer stress -duration (+ 11.0% control, 30 dps) is not. 
The situation is similar under pH-stress (15 dps: - 21., 3% 
control, significant; 30 dps: + 4.0% control, not signi- 
ficant) . 


Under combinational regime however the altera- 
tions in both stress-durations are statistically signi- 
ficant; the shorter stress -duration depression (- 41.0% 
control, 15 (%)s) is considerable while the longer stress- 
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duration elevation (+ 168% control, 30 dps) is more 
remarkable. 


V 3.B MUSCLE 


The variations in the activity 
level of AChE in the chelate 
leg muscle (M) of 0. senex 
senex under the different 

stress regimes are given in table 5.10 (Fig. 5.10; Sta- 
tistical evaluation; Table 5.10a) . The trend of varia- 
tion is generally on the elevatory side. 


Under Cd-s tress a progressive elevatory pattern 
is noted (15 dpsj 103% control; 30 dps; 183% control). 
pH-stress induced alterations follow elevations depre- 
ssion pattern (15 dps: + 74,5% control, 30 dpss - 27.5% 
control) . 


Under combinational stress, shorter stress-dura- 
tion causes a small and statistically non-sighifif icant 
elevation (+ 3.2% control, 15 <%)s) while the longer 
stress-duration causes a remarkable elevation (+ 107% 
control, 30 dps) . 

Chelate leg muscular total ATPase activity level 
is found to be consistently elevated under different 
stressant regimes (Table 5,11; Pig. 5,11; Statistical 
evaluation; Table 5.11a), 
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Under Cd~str€SS/ the positive change of enzyme 
activity/ the 'conservatory' pattern; higher elevation 
in shorter stress -duration being followed by smaller 
elevation in the longer stress -duration (15 dps; +64.5% 
control; 30 dps; + 26.5% control). Under pH- regime also 
the Same pattern is obtained (15 dps; + 81,0% control; 

30 dps; +8,4% control). 

Under the combinational regime the shorter 
stress -duration shows small, statistically non-signifi- 
cant elevation (+ 5,0% control, 15 dps) while the longer 
stress-duration shows a very remarkable elevation (+165% 
control, 30 dps) . 

Under the diffL^rent stress regimes, a general 

Ojl 

trend of elevation of the activity level of Mg -ATPase 
is discernible (Table 5.12; Pig. 5.12; Statistical eva- 
luation; Table 5.12a) , 

Under Cd-s tress regime, the pattern is of the 
elevation; depression type (15 dps; + 44,0% control; 

30 dps; - 2.8% control). Under pH- regime the pattern is 
conservatory elevation (15 dps; + 143% control; 30 dps; 

+ 106% control) . Under the combinational regime the 
pattern is progressive elevation (+ 124% control, 15 dps; 
+ 186% control, 30 dps) . 
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The activity level of AAT in M of 0. sen ex senex 
under the different stress ant regimes shows a consistent 
elevatory picture (Table 5.13; Fig. 5.13; Statistical 
evaluation: Table 5.13a)* 

Under Cd~ regime, the pattern is conservatory 
elevation (+ 75.0% control, 15 dps; + 57.5% control, 

30 dps) . Under pH-and combinational regimes also similar 
trends are noted (pH- regime: 15 dps; + 30.0% control; 

30 dps: + 333% control; combinational regime: + 150% 
control, 15 dps; + 275% control, 30 dps). 

The activity level of AlAT also shows a consis- 
tent elevatory picture in the chelate leg muscular tissue 
senex senex unde, the different stressant regimes 
(Table 5.14; Fig. 5.14; Statistical evaluation: Table 
5.14a). 

Under Cd- regime the pattern is conservatory 
elevation (15 dps: + 113% control; 30 dps; +8.2% con- 
trol) . Under pH-regime the pattern is progressive ele- 
vation (15 dps: + 7.0% control; 30 dps: + 142% control). 
Under combinational regime also a progressive elevation 
pattern is noted (15 dps: + 109% control; 30 dps; +274% 
control) . 

The activity level of glutamate dehydrogenase in 
the chelate leg muscle of 0, senex senex undergoes con- 



sistently depress ory alterations under the influence of 
the different stressant regimes (Table 5.15; Fig, 5.15; 
Statistical evaluation. Table 5.15a). 

Cd~s tress cause a conservative depress ory changes 
in the activity level of the enzyme (15 dps s - 71.2% con- 
trol; 30 dps ! -44.5% control), 

pH-stress, on the other hand, causes a progressive 
depressory change (15 dps: - 49,5% control; 30 i^s: -80,0% 
control) . 

Under the combinational regime, the change is 
small, and has 'conservatory' 'profile' (15 dps: - 16,7% 
control; 30 dps; - 2.8% control). 

The activity level of succinate dehydrogenase of 
muscle of 0, senex senex presents a picture of general 
depression under the diverse stressant regimes (Table 
5,16; Fig. 5.16; Statistical evaluations Table 5.16a). 

Under Cd-regime, the pattern is of conservatory 
depression (- 74,5% control 15 dps; - 62.3% control, 

30 dps) . Under pH- regime, the pattern is reversed 
(- 52.8% control, 15 dps; - 87.5% control, 30 dps) . 

Under the combinational regime, the pattern is 
depression-elevation (- 28.0% control, 15 dpsj + 46,2% 
control, 30 dps) . 
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Under the different stressant regimes ^ the acti- 
vity level of lactate dehydrogenase undergoes consistent 
depression in the muscle tissue of 0. senex senex (Tahle 
5«17f Fig, 5,17; Statistical evaluation; Tahle 5.17a) » 

The changes under Cd-s tress show conservative 
depression pattern (15 dps; - 52.8% control; 30 dps; 

- 20,0% control). 

Under pH-stress a reversed pattern is seen (15 dps ; 
-30,0% control; 30 dps; - 92.0% control). Under combi- 
national stress the pattern of pH-s tress is repeated 
i,e», that of progressive depression (15 dps; - 4.8% 
control; 30 dps; - 56.4% control). 

Table 5,18 gives data on the effect of different 
stressant regimes on the activity levels of malate dehy- 
drogenase of the chelate leg muscle of 0. senex senex 
(please see Fig, 5,18 for graphical visualization of the 
trends portrayed by the data; Statistical evaluation; 

Table 5.18a) . 

Under Cd-stress/ the pattern of progressive 
depression is evident (- 7.0% control, 15 dps; - 27.0% 
control, 30 dps) . Under pH-s tress the picture of change 
is that of elevation (slight); depression (4 6.6% con- 
trol, 15 dps; - 53 , 7 % control, 30 dps). Under conibina- 



tional stress the picture is that of elevation; depre- 
ssion (small) (+ 35.8% control, 15 dps: - 7.0% control, 
30 dps) • 


V 3.C HEP ATOP ANCREAS 
(MIDGUT GLAND) 


table 5.19 (Fig. 5.19; 


The activity levels of total 
ATPase in the hepatppancreas 
(raidgut gland) of 0. senex 
senex under diverse stre?- 
ssantf regimes are given in 
Statistical evaluation; Table 


5.19a) . 


Elevation; depression pattern is perceptible 
in the total ATPase activity of HP under Cd-regime 
(+ 94.0% control, 15 d^s} - 35.8% control, 30 dps). 

Under pH-regime also a similar pattern is 
evident (+ 5.0% control, 15 dps; -50.0% control, 

30 dps). 


Under combinational regime, tiie shorter stress- 

( small) 

duration leads to a 9,9% elevation £ of total ATPase 
activity whereas the longer stress-duration leads to a 
very remarkable elevation of the enzyme activity (+148% 
control, 30 dps) . 

Table 5.20 and Fig. 5.20 pertain to the data 
on the influence of the stressaht regimes on the hepa- 
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2+ 

tc^ancreatic Mg -ATPase activity in 0, sen ex senex 
(Statistical evaluation: Table 5.20a). 

Under Cd-s tress the pattern is elevation: depre- 
ssion (+ 113% control, 15 dps; - 21.5% control, 30 dps) . 
Under pH-stress also a similar pattern is observable 
(+ 67.4% control, 15 dps; - 36.8% control, 30 dps). 

Under combinational regime the pattern of progressive 
elevation is evident (+ 45.3% control, 15 dp® ; + 81.3% 
control, 30 dps). 

Under the diverse stressant regimes, the acti- 
vity levels of aspartate aminotransaminase in the hepato- 
pancreas of 0. senex senex conform to a pattern of con- 
sistent elevation (Tab_e 5.21; Fig. 5.21; Statistical 
evaluation: Table 5.21a). 

Under Cd-regime the pattern is conservatory 
elevation in which the shorter stress-duration elevation 
is astounding (^t 364% control, 15 dps; -i- 19.4% control, 
30 dps ) . 


Under pH-regime a reversed trend is evident, 
the longer stress-duration elevation being very remarka- 
ble (+ 5.8% control, 15 dps; + 248% control, 30 dps). 
Under the combinational regime, the pH-regime pattern is 
repeated i+ 65.7% control, 15 dps; + 248% control, 

30 dps) . 



Table 5.22 and fig. 5.22 give a picture of 
changes induced by the diverse stress ant regimes in the 
activity level of alanine aminotransferase of hepatopan- 
Creas of 0, senex senex (Statistical evaluation: Table 
5 . 22a) . 


Under Cd-stress regime a conservatory elevation 
is evident (+ 343% control, 15 dps; + 17.0% control, 

30 dps). Under pH- regime, the pattern depression; ele- 
vation (- 11.5% control, 15 dps; +396% control, 30 dps) . 
Under combinational regime the pattern is progressive 
elevation (+ 77.0% control, 15 dps; + 290% control, 

30 dps) . 


Under the dif.erent stressant regimes, the acti- 
vity level of glutamate dehydrogenase of hepatopancreas 
2* senex senex is diversely modified (Table 5.23; 

Pig. 5.23; Statistical evaluation: Table 5.23a). 

Under Cd- regime a picture of conservative ele- 
vation is evident (+ 291% control, 15 dps; + 54.5% con- 
trol, 30 dps) . 

Under pH-regime a picture of progressive depre- 
ssion is evident* However, this provision is not steep 
and therefore is of a very small order (- 20.0% control, 
15 dps; - 25.4% control, 30 dps). 
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Under the combinational regime, a depression: 
elevation pattern is evident (- 12.0% control, 15 dpsy 
+ 74.0% control, 30 dps) . 

The activity level of succinate dehydrogenase in 
the hepatopancreas of 0. senex senex is positively (i.e., 
elevationally) modified, almost consistently under the 
different stressant regimes (Table 5.24y Fig, 5.24; 
Statistical evaluation: Table 5.24a). 

Under Cd~stress a picture of conservatory eleva- 
tion of enzyme activity is evident (+ 456% control, 15 
dps; + 142% control, 30 dps). Under pH- regime, progre- 
ssive elevation pattern is evident (+ 20,0% control, 

15 dps; + 55,3% cont. ol, 30 dps). 

Under combinational regime a pattern of depre- 
ssion: elevation is evident. These changes however are 
very small and statistically non-significant (- 3.3% 
control, 15 dps? + 9.1% control, 30 dps). 

The hepatopancreatic lactate dehydrogenase acti- 
vity in 0. senex senex is modified in the positive (ele- 
vation) direction in general under the stressant regimes 
studied (Table 5,25; Fig. 5,25; Statistical evaluation: 
Table 5.25a) . 
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Under Cd-regime a conservatory elevation is 
evident (+ 378% control; 15 dps; + 98,3% control, 

30 dps). Under pH-regime, the activity level of enz],^ 
shows elevaticai: depression pattern (+ 7,4% control, 

15 dps; - 63,6% control, 30 dps) . Under combinational 
regime progressive elevation pattern is evident (+7.4% 
control, 15 dps; + 65,3% control, 30 dps). 

The hepatopancreatic malate dehydrogenase 
activity in 0. senex senex is diversely modifified by 
the different stress ant- regimes (Table 5,26; Fig, 5, 26; 
Statistical evaluation; Table 5,26a) , 

Under Cd-stress the pattern of conservatory 
elevation is evideni (+ 160% control, 15 dps; +33,6% 
control, '30 <^s) . Under pH-duress, depression; eleva- 
tion pattern is seen (- 42.8% control, 15 dps; + 52,0% 
control, 30 dps) . Under combinational regime also a 
similar pattern is evident. However, in this case, 
the longer stress-duration elevation is very remarkable 
(- 59,2% control, 15 dps; + 250% control, 30 dps). 

The activity level of total 
V,3.D GILL ATPase of gill of 0, senex 

senex under different stress- 
regimes is affected diversely (Table 5.27; Fig. 5.27; 
Statistical evaluation; Table 5,27a). 
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Cd-stress shows a picture of conservatory depre- 
ssion (- 40.0% control; 15 dps; - 29.5% control, 30 dps). 
Under pH-stress, elevation: depression pattern is evident 
(+ 22.0% control, 15 dps; - 56.6% control, 30 dps) . 

Under cor±)inatlonal regime, the activity level of 
enzyme gives a picture of progressive elevation (+ 8.5% 
control, 15 dps; + 79.0% control, 30 dps). 

94 - 

The activity level of branchial Mg -ATPase in 
0. senex sen ex is modified generally in the depression 
direction under the different stress ant regimes studied 
{Table 5.28; Fig. 5.28; Statistical evaluation: Table 
5 . 28a) . 

Cd- regime shows a progressive depression pattern 
(- 29.5% control, 15 dps; - 50.0% control, 30 dps). pH- 
regime also shows a similar pattern (- 22.0% control, 15 
dps ; - 45.2% control , 30 dps ) . 

Under combinational regime, the shorter stress- 
duration shows a very small positive change of the acti- 
vity level of enzyme (+ 2.0% control, 15 dps) . In longer 
stress -duration a positive change of notable magnitude 
occurs (+ 21.0%, control, 30 dps). 


Table 5.29 and figure 5.29 give numerical and 
graphical accounts respectively, of the changes in the 
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activity level of branchial glutamate dehydrogenase in 0, 
senex senex induced by different stressant regimes studied 
{Statistical evaluation: Table 5.29a) . 

Under the different regimes the enzyme activity 
is modified consistently in the negative (depression) 
direction. 

The Cd-stress induced changes present a pattern 
of progressive depression (- 51.7% control, 15 dps; -60.0% 
control, 30 dps). 

The pH-stress induced changes present a conserva- 
tory depression pattern (- 51.7% control, 15 dps; - 2.4% 
control, 30 dps) . 

The combination-regime induced changes present a 
progressive depression pattern (- 42.0% control, 15 dps; 

- 96.3% control, 30 dps). 

Under the regimes of stressants studied, the bran- 
chial succinate dehydrogenase activity in 0. senex senex 
presents a picture of consistent depression (Table 5.30; 
Pig. 5.30; Statistical evaluations Table 5.30a). 

Under all the regimes the changes are patterned aS 
progressive depression (Cd- regimes - 47.2% control, 15 dps; 

- 65.7% control, 30 dps; pH-regime: + 2.0% control, 15 dps; 
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- 32.4% control, 30 dps; Combinational regime: - S1,0% 
control, 15 dps; - 85.0% control, 30 dps). 

The activity level of branchial lactate dehydro- 
genase in 0. sen ex sen ex under the different stressant- 
regimes presents a picture of consistent depression 
(Table 5,31; Pig. 5.31; Statistical evaluationsTable 5.31a) 

Under Cd-stress, the depression is progressive 
(15 dpss - 51.0% control; 30 dps; - 61.0% control). 

Under pH-stress the depression is conservatory 
(15 dps; - 68.6% control; 30 dpss-62.4% control). 

Under canbinational stress, the depression is 
progressive as in the • ise of Cd-stress regime (15 dpss 

- 56,0% control, 30 dps: - 89,0% control). 

The activity level of malate dehydrogenase in 
the gill tissue of 0. senex senex under the different 
stressant regimes presents a picture of general depre- 
ssion (Table 5.32; Fig. 5.32; Statistical evaluations 
Table 5.32a). 

Under the Cd- regime, the depress ory change is 
progressive (- 13.0% control, 15 dps; - 22,0% control, 

30 dps) . 
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Itoder pH-regiiae, tiie shorter stress-ctaration 
shows a very small negative diange (-■ 3.7% control, 15 
dps) } longer stross-duration shows a positive change 
(+ 13.3% cfc»trolf 30 <%3s) vMch too is not consider^le. 

Under the ccntoinational regime in both stress- 
dnratic®, m egual qiiantati of depression is evident 
(• 74.5% control) * 


The positive modulation i.e. 
trend o£ elevation in the 

V 4 cesMEHT activity levels of AOiE, 

ATPase system and both the 
ssoinotransf erases and & general trend of d^ression in 
the activity levels of succinate# malate and lactate 
d^ydrogcaiase in the tissues of 0. sm&i smex under 
Odi -• and pH •» duresse® ^ow broad agreaaent with the 
available literature (Roufogalis md Quist# 197 2i 
Hinton ^ 1973f Southard ^ 1974? Hittsewojo# 

1977? Tudeer# 1979? Sastry and Shama# 1980b? Khangarot# 
1981? Teagerd^ jSl 1981? JucHth# 1982 and Srilcmth# 
1985) . 


loOo? 



TABLE 5.1 ; Effect Of individual and combined vivo 
stress of Cd & pH on AChE activity levels 
in 0. senex sen ex . 

(Values^ expressed as Aunoles of ACh meta- 
bolized/mg protein/h^ are mean + SD of 6 
determinations) . 

Control : 3.25 + 0.09 


Stres s 


15 d 

Change % 


30 d 

Change % 

mm 

Control 

mm mim 

Control 

Cd 


3.60 

+ 10.8 


3.81 

+ 17.2 



0.10 


± 

0.07 


pH 


2.34 

- 28,0 


4.30 

+ 32.3 


± 

0,52 



0.98 


Corrtoined 


3.40 

4* 4.6 


9.00 

+ 177 

(Comb) 

± 

0.11 


± 

0.13 




TABLE 5»Ia« 


Cortparison of means of AChE activity levels 
of CTGM in 0, senex senex with reference to 
stxess conditions presented in Ta!ble 5#1* 


Comparison 

P r: 403 

with 


CD 

= 0.712 

of 

Cd 15 pH 15 

Corrib 15 < 

Cd 30 

pH 30 

Comb 30 

C 

NS S 

NS 

NS 

s 

S 

Cd 15 

S 

NS 

NS 

s 

S 

pH 15 


S 

S 

s 

S 

Comb 15 

- 

- 

NS 

s 

S 

Cd 30 

- 

- 

- 

s 

S 

pH 30 

^ - 

- 

- 


S 


S s Significant at 5 % level; NS : Not Significant. 

CD value was calculated according to the formula 
given in Table 3#la» 



Table 5 * 2 ? Effect of individual and combined jLn vivo 
stress of Cd & pH on Total ATP as e activity 
levels of CTGM in 0. senex senex . 

(Values/ expressed as /Umoles of Pi formed/ 
mg protein/h/ are mean ± S.D.of 6 determi- 
nations) . 

Control : 0.254 + 0.01 


Stress 


15 d 

Change % 
Control 


30 d 

Change % 
Control 

Cd 


0.285 

+ 12.2 


0.183 

- 28.0 


± 

0.02 



0.01 


pH 


o 

un 

o 

+ 37.8 


0.185 

- 27.2 


i 

0.C3 


± 

0.02 


Ccffnbined 

(Cortib) 

± 

0.263 

o.o: 

+ 3.5 

+ 

1.301 

0,04 

+ 412 



TABLE 5.2a i Comparison of means of Total ATP as e activity 
levels of CTGM in 0. sen ex senex with refe- 
rence to stress conditions presented in 
Table 5.2- 


Conm arisen 

F 

3849 

With 

— 

CD 

* 0.027 

of 

Cd 15 

pH 15 

Comb 15 

Cd 30 

pH 30 

comb 30 

c 

S 

WS 

NS 


S 

s 

S 

Cd 15 

- 

S 

s 


s 

S 

S 

pH 15 

- 

- 

NS 


s 

s 

S 

Ccxtib 15 

- 

- 

- 


s 

s 

S 

Cd 30 

- 

- 

- 


- 

NS 

s 

pH 30 

— 





mm 

s 


S; Significant at 5 % level; NS : Not Significant- 

CD value was calculated according to the formula 
given in Table 3.1a. 



table 5,3 ? Effect of individual and combined i^ vivo 
stress of Cd & pH on Mg^'^ATPase activity 
levels of CTGM in 0, senex senex . 

(Values, expressed as /irooles of Pi formed/ 
mg protein/h, are mean + S.D. of determina- 
tions) . 


Control ; 0.133 ± 0.006 


Stres s 


15 d 

Change % 
Control 


30 d 

Change % 
Control 

Cd 


0.264 

+ 98.5 


0.122 

- 8.3 


± 

0.02 


Jr 

0.01 


pH 


0.330 

f 148 


0.126 

- 5.3 


± 

0.02 


+ 

0.01 


Combined 

(Coirto) 

± 

0.260 

0.02 

+ 95.5 

± 

0.614 

0.03 

+ 362 



Ox 

TABLE 5 « 3a s Comparison of means of Mg ATPase activity 
levels of CTGM in 0. senex senex with refe- 
rence to stress conditions presented in 
Table 5.3. 


Comparison 

F s 

120 

— 

with 

CDs 0 

.082 

of 

Cd 15 

pH 15 

Comb 

15 Cd 30 

pH 30 

Ccrrib 30 
«* •)» 

c 

S 

S 

s 

NS 

NS 

s 

Cd 15 

- 

NS 

NS 

S 

S 

s 

pH 15 



NS 

s 

S 

s 

Coirib 15 

- 


- 

s 

S 

s 

Cd 30 


- 

- 

- 

NS 

s 

pH 30 

- 

- 

- 

- 

- 

s 

««» M» M» 


S : Significant at 5% level; NS ; Not Significant. 

CD value was calculated according to the formula 
given in Table 3.1a. 



TABLE 5.4 ; Effect of individual and combined in vivo 
stress of Cd & pH on AAT activity levels 
of CTGM in 0, senex senex . 



(Values, es^ressed as ^umoles of pyiruvabe 
formed/mg protein/h, are mean + S.D, of 6 
determinations) . 



Control ; 0 

.300 + 0.015 


Stress 

15 d 

Change % 
Control 

30 d 

Change % 
Control 

Cd 

0.305 

+ 0.02 

+ 2.0 

0.311 

± 0.02 

+ 4*0 

pH 

0.031 

- 89.7 

1.200 

+ 300 


+ O.Oi + 0*X2 


Cornbined 

(Corrib) 


O.520 
+ 0.03 


+ 73.3 


1.204 
+ 0 »03 


+ 301 



TABLE 5.4a ; Comparison of means of AAT activity levels 


of CTGM in 0. senex senex with reference 
to stress conditions presented in Table 5*4. 


Comparison 

F = 

1666.5 

— 

With 

CD 

= 0.052 

of 

Cd 15 

pH 15 

Corrib 

15 Cd 30 

pH 30 

Comb 30 

c 

NS 

S 

S 

NS 

S 

S 

Cd 15 

- 

s 

S 

NS 

S 

s 

pH 15 

- 

• 

S 

S 

S 

S 

Corrib 15 

- 

- 

- 

S 

S 

s 

Cd 30 

- 

• 

- 

- 

S 

s 

pH 30 

IMft M Ji 

- 

- 

- 

^ mm mm m 

NS 

» M* M* 


S : Significant at 5% level; NS : Not Significant. 

CD value was calculated according to the formula 
given in Table 3.1a* 



TABLE 5.5 ; Effect of individual and combined vivo 
stress of Cd & pH on AlAT activity levels 
of CTGM in 0, senex senex . 

(Values, ej^pressed as /omoles of pyruvate 
formed/mg protein/h, are mean + S.D.of 6 
determinations) . 

Control ; 0.200 + 0.01 



Combined 

(Comb) 


0.167 
+ 0.04 


- 16.5 


+ 0.02 



Table 5 . 5 a ? comparison of means of AlAT activity 
levels of CTGM in 0, senex senex with 
reference to stress conditions presented 
in Table 5,5. 



F « 

2757.14 



CD a 

0.031 

Corrp arisen 





With 

^ mm mm mm 

^ mm mm mm 

of 

Cd 15 

pH 15 

Corrib 

15 Cd 30 

pH 30 

Cotiib 30 

G 

NS 

S 

S 

S 

s 

S 

Cd 15 

- 

s 

NS 

S 

S 

S 

pH 15 

- 

- 

S 

S 

s 

S 

Corrb 15 

- 

- 

- 

S 

s 

s 

Cd 30 

- 

- 

- 

- 

s 

s 

pH 30 

- 


- 

- 

- 

s 



» mm mm ^ 

m mm mm 

-r-T —r matr ^0 ii(ir 

mm 

mm mm mm mm 


S : Significant at 5 % level; NS: Not Significant- 

CD value was calculated according to the formula 
given in Table 3.1a. 



TABLE 5.6 s Effect of individual and combined ^ vivo 
stress of Cd & pH on GDH activity levels 
of CTGM in 0. senex senex . 

(Values, expressed as jumoles of formazan 
formed/mg protein/h, are mean + S.D.of 6 
determinations) , 

Control ; 0.260 + 0.03 


Stress 

Cd 

pH 

Combined 

(Corrib) 


15 d 


0.065 

+ 0.01 

0.114 

+ 0.012 

0.240 

+ 0.02 


Change % 
Control 

- 75.0 

- 56.0 

- 17.7 


30 d 


0.085 
i 0*01 

0.142 

+ 0.02 

0.300 
+ 0.04 


Change % 
Control 

- 61.3 

- 45.4 

+ 15.4 



TABLE 5.6ai 


Conparison of means of GDH activity levels 
of CTGM in 0. senex senex with reference 



to 

stress 

conditions 

presented in Table 5..I 

Comparison 

p = 

425 

With 


CD 

= 0.028 

of 

Cd 15 

pH 15 

Corib 15 

Cd 30 

pH 30 

««• WR W « 

Comb 30 

c 

S 

s 

NS 

S 

S 

NS 

Cd 15 

- 

s 

S 

NS 

s 

S 

pH 15 

- 

- 

S 

NS 

NS 

s 

Conib 15 

- 

- 

- 

S 

S 

5 

Cd 30 

- 

- 

- 

- 

S 

S 

pH 30 

- 

- 

- 

- 

- 

s 


S : Significant at 5 % level; NS : Not Significant- 

CD value was calculated according to the formula 
given in Table 3. la. 



TABLE 5.7 s Effect of individual and combined in vivo 

stress of Cd & pH on SDH activity levels of 
CTGM in 0. se n ex senex - 

(Values/ expressed as u moles of formazan 
formed/mg protein/h, are mean + S.D-of 6 
determinations ) • 

Control : 0.471 i 0.04 


Stress 


in 

Change % 


30 d 

Change % 


Control 


Control 

Cd 


O.lfO 

- 61.8 


0.220 

- 53.3 


± 

0.02 



0.014 


pH 


0.241 

- 48.8 


0.120 

- 74.5 


± 

0.016 



0.03 


Combined 


0.380 

- 19.4 


0.220 

- 53,3 

(Conib) 

± 

0.02 


± 

0.03 




TABLE 5.7a : Comparison of means of SDH activity levels 
2* sen ex senex with reference to stress 
conditions presented in Table 5,7. 

F = 142.25 CD » 0.074 


Comparison 

of 


Cd 15 


With 


pH 15 Comb 15 


Cd 30 pH 30 Comb 30 


C 

Cd 15 
pH 15 
Comb 15 
Cd 30 
pH 30 


g s s 

NS s 

s 


s s s 

NS NS NS 

NS S NS 

S S S 

- S NS 

- - s 


S : Significant at 5 % level; NS ; Not Significaub 

CD value was calculated according to the formula 
given in Table 3.1a. 



TABLE 5.8 ; Effect of individual and combined iji vivo 
stress of Cd & pH on LDH activity levels 
of CTGM in 0. senex senex . 

(Values, expressed as ^noles of formazan 
formed/mg protein/h, are mean + S.D.of 6 
determinations) . 

Control ; 0.262 ± 0.02 


Stress 

Cd 

pH 

Combined 

(Corrib) 


15 d 


0.121 
± 0.013 

0.054 
+ 0.02 

0.074 
+ 0.01 


Change % 
Control 

- 53.8 

- 79.4 

- 71.8 


30 d 


0.102 
+ 0.01 

0.150 
± 0.05 

0.500 
+ 0.05 


Change % 
Control 

- 61.0 

- 42.8 

+ 91.0 



Table 5.8a ; comparison of means of LDH activity levels 
of CTGM in 0. senex senex with reference 
to stress conditions presented in Table 5.8, 

F = 361 CD = 0.037 


Comparison 

of 


With 

Cd 15 pH 15 Corrib 15 Cd 30 pH 30 Corrib 30 


C S S S S S S 

Cd 15 - S S S S S 

pH 15 - - NS S S S 

Comb 15 - - - S S S 

Cd 30 - - - - S S 

pH 30 - • - - _ S 


S : Significant at 5% level/ NS : Not Significant. 

CD value was calculated according to the formula 
given in Table 3.1a. 



table 5.9 ; Effect of individual and combined iji vivo 
stress of Cd & pH on MDH activity levels 
of CTGM in 0. senex senex . 

(Values, expressed as /moles for formazan 
formed/mg protein/h are mean + S.D-Of 6 
determinations) . 

Control : 0.127 + 0.02 


Stress 


15 d 

Change % 
Control 


30 d 

Change % 
Control 

Cd 


0.070 

- 45.0 


0.141 

+ 11.0 


± 

0.01 



0.01 


pH 


0.100 

- 21.3 


0.132 

+ 4.0 


± 

0.013 


± 

0.04 


Combined 


0.075 

- 41.0 


0.340 

+ 167 

(Coitb) 

± 

0.01 


± 

0.044 




Table 5.9a ! comparison of means of MEH activity levels 
of CTGM in 0. senex senex with reference to 
stress conditions presented in Table 5.9. 


Comparison 

F = 

295 

With 


CD «r 

0.028 

of 

Cd 15 

pH 15 

Comb 15 

Cd 30 

pH 30 

Comb 30 

C 

s 

NS 

s 

NS 

NS 

s 

Cd 15 

- 

S 

NS 

S 

s 

S 

pH 15 

- 

- 

NS 

s 

s 

s 

Coirib 15 


- 

- 

s 

s 

s 

Cd 30 

- 

- 

- 

- 

NS 

s 

pH 30 

- 


— 

— 

— 

s 


S : Significant at 5% level; NS ; Not Significant. 

CD Value was calculated according to the formula 
given in Table 3.1a. 



3. ♦10 * Effect of individual and combined in vivo 

stress of Cd Sc pH on AChE activity levels 
of M in 0. senex senex . 

(Values^ expressed as yumoles of ACh meta- 
bolized/mg protein/h^ are mean ± B.D.of 
6 determinations)* 

Control : 36*0 -f 3*50 


S tr es s 


15 d 

Change % 
Control 

f i 

1 OJ 1 

o 

1 1 

1 1 

S 1 

Change % 
Control 

Cd 


73.0 

+ 102 

102 

4" 183 


± 

9.00 


2 *00 


pH 


63.0 

+ 74.4 

26.1 

- 27.5 


± 

1.50 


+ 6.50 


Combined 

(Corrib) 

± 

37.2 

8.41 

+ 3 • 20 

74.6 

± 9.40 

+ 107 



TABLE S.lOa ? Comparison of means of AChE activity levels 
of M in 0. senex senex with reference to 
stress conditions presented in Table 5.10, 


F = 

Cc»;ip arisen 

661 

With 


CD 

= 7.69 

Cd 15 

pH 15 

Comb 15 

Cd 30 

pH 30 

Comb 30 

c s 

S 

NS 

S 

S 

S 

Cd 15 

s 

S 

s 

s 

NS 

pH 15 - 

- 

S 

s 

s 

S 

Comb 15 

- 

- 

s 

s 

s 

Cd 30 

- 

- 

- 

s 

s 

pH 30 

- 

- 

mm 

- 

s 


S : Significant at 5% level; NS : Not Significant. 

CD value was calculated according to the formula given 
in Table 3.1a. 



TABLE 5.11 ? Effect of individual and combined in vivo 
stress on Cd & pH on Total ATPase activity 
levels of M in 0. senex senex . 

(Values, expressed as ^oles of Pi formed/ 
mg protein/h, are mean + S.D-of 6 determi- 
nations ) . 

Control • 1.66 + 0.05 


itress 

15 d 

Change % 
Control 


30 d 

Change % 
Control 

:d 

2.73 

+ 64.5 


2.10 

+ 26.5 


+ 0 ♦ 45 


+ 

0.10 


pH 

3.00 

+ 81.0 


1.80 

+ 8.4 


+ 0.24 


+ 

0.24 


Combined 

(Comb) 

1.74 

± 0.20 

+ 5.0 

+ 

4.40 

0.16 

+ 165 



TABLE 5. lia s Conparison of means of Total ATPase activity 
levels of M in 0, sen ex senex with reference 
to stress conditions presented in Table 5*11. 

F = 871 CD 0.277 


Canparison 

of 


With 


Cd 15 pH 15 Comb 15 


Cd 30 pH 30 


Conib 30 


C S S NS 

Cd 15 - S S 

pH 15 - - S 

Comb 15 ~ - 

Cd 30 

pH 30 - - 


S NS 

s s 

s s 

S NS 

S 


S 

S 

s 

s 

s 

s 


S : Significant at 5% level; NS : Not Significant. 

CD value was calculated according to the formula 
given in Table 3.1a. 



table 5.l2 i Effect of individual and combined in viV' 
stress of Cd & pH on ATPase activity 
levels of M in 0. sen ex senex . 

(Values, expressed as ^oles of Pi formed/ 
mg protein/h, are mean + S.D.of 6 determi- 
nations). 


Control ; 0.535 + 0,02 


Stress 


15 d 

Change % 
Control 


30 d 

Change % 
Control 

Cd 


0.770 

+ 44.0 


0,520 

- 2^ 


± 

0.06 


+ 

0.02 


pH 


1.300 

+ 143 


1.100 

+ 106 


± 

0.09 


± 

0.13 


Combined 

(Comb) 

+ 

1.200 

0.07 

+ 124 

+ 

1,530 

0,03 

+ 186 



2 + 

table 5«12a : Comparison of means of Mg ATPase activity 
levels of M in 0. senex senex with reference 
to stress conditions presented in Table 5-12 



F = 154 




CD = 0.082 

Conp arisen 


With 

Of 

Cd 15 pH 15 

Canb 15 

Cd 30 

pH 30 

Comb 30 




- - - 

^ ^ ^ „ 



c 

S S 

S 

NS 

S 

S 

Cd 15 

S 

S 

S 

s 

s 

pH 15 

mm mm 

s 

S 

s 

s 

Comb 15 

mm 

- 

s 

s 

s 

Cd 30 

mm 

- 

- 

s 

s 

pH 30 

mm 


- 

wm mm m 

s 


S : Significant at 5% level; NS : Not Significant. 

CD value was calculated according to the forroula given 
in Table 3.1a. 



TABLE 5.13 : Effect of individual and combined iji vivo 
stress of Cd & pH on AAT activity levels 
of M in 0. senex senex . 

(Values, expressed as ^oles of pyruvate 
formed/mg protein/h, are mean + S.D.of 6 
determinations) . 

Control : 0,400 + 0.03 


Stress 


Changed , Change % 

Control Control 


Cd 

pH 

Combined 

(Comb) 


0.700 
± 0.04 

0.520 
+ 0.05 

mm 

1.000 

+ 0.042 


+ 75,0 

+ 30.0 

+ 150 


0.630 
+ 0.08 

1.730 
+ 0.15 

1.500 
+ 0.05 


+ 57.5 

+ 333 

+ 275 



Table 5.13 a : comparison of means of AAT activity levels 


of M in 0. senex senex with reference to 
stress conditions presented in Table 5.13. 


p = 

1872 



CD 

= 0.074 

Comparison 


With 

... 

^ mm 


Cd 15 

pH 15 

Comb 15 

Cd 30 

pH 30 

Corrib 30 

C S 

S 

S 

S 

S 

S 

Cd 15 

s 

s 

S 

s 

S 

pH 15 

- 

s 

S 

s 

S 

Comb 15 

- 

- 

s 

s 

S 

Cd 30 

- 

* 

- 

s 

S 

pH 30 

- 

- 

- 

- 

S 


S : Significant at 5 % level; NS : Not Significant. 

CD value was calculated according to the formula 
given in Table 3.1a. 



TABLE 5.14 i Effect of indivic3ual and combined In vivo 
stress of Cd & pH on AlAT activity levels 
of M in 0, senex senex - 

(Values, expressed as ^^oles of pyruvate 
formed/mg protein/h, are mean j; S.D.of 6 
determinations) . 

Control : 0.621 + 0.02 


Stress 


15 d 


Change % 
Control 


30 d 


Change % 
Control 


Cd 


pH 


1.322 

+ 0.20 

0.664 
+ 0.06 


+ 113 0.672 + 8.2 

± 0.05 

+ 7.0 1.500 + 142 

+ 0.12 

2.320 

+ 0,20 


Combined 

(COirib) 


1.300 
+ 0.30 


+ 109 


+ 274 



TABLE 5»l4a t Cotiparison of means of AlAT activity levels 
of M in 0. senex senex with reference to 
stress conditions presented in Table 5.14. 


p = 

Comparison 

493 

— 

With 

CD 

» 0.185 

Cd 15 

pH 15 

Comb 

15 Cd 30 

pH 30 

MM* MW. M 

Conib 30 

c s 

NS 

S 

NS 

s 

S 

Cd 15 

s 

NS 

S 

NS 

S 

pH 15 

- 

5 

NS 

S 

S 

Corrib 15 

- 

“ 

5 

S 

8 

Cd 30 

- 

- 

mm 

s 

S 

pH 30 

- 

- 


- 

S 


S : Significant at 5 % level; NS : Not Significant. 

CD value was calculated according to the formula 
given in Table 3.1a. 



^ * Effect of individual and combined iji vivo 
stress of Cd & pH on GDH activity levels 
of M in 0. senex senex . 

(Values, expressed as ^^^umoles of formazan 
formed/mg protein/h, are mean + S.D.of 6 
determinations) . 

Control s 0.360 + 0,02 


Stres s 


15 d 

Change % 
Control 


30 d 

Change % 
Control 

Cd 


0.104 

- 71.2 


0.200 

- 44.5 



0.01 



0.05 


pH 


0.182 

- 49.5 


0.071 

“• 80 • 0 


± 

0.03 


± 

0.02 


Combined 

(Comb) 

i. 

0.300 

0.05 

- 16.7 

± 

0.350 

0.03 

- 2.8 



TABLE 5.15a : Comparison of means of GDH activity levels 
of M in 0, senex sen ex with reference to 
stress conditions presented in Table 5«15. 


p = 

Comparison 

345 

With 

^ 

CD 

= 0.04 

Si i”' 

pH 15 

Corrib 15 

Cd 30 

pH 30 

Comb 30 

c s 

s 

s 

s 

S 

NS 

Cd 15 

s 

S 

s 

S 

S 

pH 15 

- 

s 

NS 

S 

S 

Comb 15 

- 

- 

S 

S 

s 

Cd 30 

- 

- 

- 

S 

s 

pH 30 

- 

- 

- 

- 

s 


M M 4 


mm 0m 

mm mm wm m 



S : Significant at 5 % level; NS ; Not Significant. 

CD value was calculated according to the formula 
given in Table 3.1a. 



TABLE 5.16 ; Effect of individtial and Ccmbined ^ vivo 
stress of Cd & pH on SDH activity levels 
of M in 0. senex senex » 

(Values, expressed as ^oles of formazan 
fomed/mg protein/h, are mean ^ S.D-of 6 
de term! nati ons ) . 

Control : 0.424 + 0.02 


Stress 


15 d 

Change % 


30 d 

Change % 

mm mm 

Control 

mm mm 

Control 

Cd 


0.108 

- 74.5 


0.160 

- 62.3 


± 

0.02 


± 

0.03 


pH 


0.200 

- 52.8 


0.053 

- 87,5 


± 

0.03 


+ 

0.02 


Combined 


0.305 

28* 0 


0,620 

+ 46.2 

(Comb) 

± 

0.04 


± 

0,05 




TABLE 5,16a s Comparison of means of SDH activity levels 
of M in 0. senex senex with reference to 
stress conditions presented in Table 5.16. 

P = 660 CD = 0.038 


Comparison 

of 


Cd 15 pH 15 


With 

Comb 15 Cd 30 pH 30 Comb 30 


c s s s 

Cd 15 - S S 

pH 15 - - S 

Comb 15 • - 

Cd 30 
pH 30 


s s s 

s s s 

s s s 

s s s 

•• s s 

« - s 


S : Significant at 5% level, NS: Not Significant- 

CD value was calculated according to the formula 
given in Table 3.1a. 



table 5«17 ; Effect of individual and combined ^ vivo 
stress of Cd & pH on LDH activity levels 
of M in 0. senex senex ■ 

(Values / expressed as ^^umoles of forinaaan 
formed/mg protein/h, are mean + S.D, of 6 
de terminati ons ). 

Control : 0.252 i 0,02 


Stress 


15 d 

Change % 
Control 


30 d 

Change % 
Control 

Cd 


0.119 

- 52.8 


0.200 

- 20.0 


± 

0.02 



0.05 


pH 


0.175 

- 30.0 


0,020 

- 92,0 


± 

0.05 


± 

0.01 


Combined 

(Comb) 

± 

0.240 

0.02 

- 4.8 

jr 

0.110 

0.03 

- 56.4 



Table 5.17a ; Comparison of means of IDH activity levels 
of M in 0. sen ex senex with reference to 
stress conditions presented in Table 5.17, 


F = 

174 



CD 

K 0.04 

Comparison 

Cd 15 

pH 15 

With 

Corrib 15 

Cd 30 

pH 30 

Comb 30 

C S 

s 

NS 

s 

s 

S 

Cd 15 

s 

S 

S 

s 

NS 

pH 15 


s 

NS 

s 

S 

Comb 15 - 


- 

S 

s 

S 

Cd 30 

- 

- 

- 

s 

s 

pH 30 

- 

— 

- 


s 


S ; Significant at 5% level; NS : Not Significant. 

CD Value was calculated according to the formula 
given in Table 3.1a. 



TABI£_5jj_18 : Effect of individual and corribined vivo 
stress of Cd & pH on MDH activity levels 
of M in p. senex senex . 

(Values, expressed as /moles of formazan 
formed/mg protein/h, are mean + S.D.of 6 
determinations ) . 

Control : 0.151 + 0.02 


Stress 


15 d 

Change % 
Control 


30 d 

Change % 
Control 

Cd 


0.140 

- 7.0 


0.110 

- 27.0 


i 

0.02 


i 

0.014 


pH 


0.161 

+ 6.6 


0.070 

- 53.7 


i 

0.014 


± 

0.02 


Combined 

(Comb) 

± 

0.205 

0.02 

+ 35.8 

± 

0.140 

0.02 

mm itm mm ^ 

- 7.0 



Tj^LE 5.18a s Conparison of means of MDH activity levels 
of M in 0. senex senex with reference to 
stress conditions presented in Table 5tlQ. 

F = 338 CD = 0,023 


Comparison 



with 




of 

Cd 15 

pH 15 

Corrib 15 

Cd 30 

pH 30 

Gcffrib 30 

C 

NS 

NS 

S 

S 

S 

NS 

Cd 15 

- 

NS 

s 

S 

s 

NS 

pH 15 

- 

- 

s 

s 

s 

NS 

Corrib 15 



- 

s 

s 

S 

Cd 30 

- 


- 

- 

s 

s 

pH 30 

- 

• 

mm 

- 

- 

s 


S J Significant at 5 % level; NS s Not Significant. 

CD value was calculated according to the formula 
given in Table 3.1a. 



TABLE 5.19 : Effect of individual and coiribined i^n vivo 
stress of Cd & pH on Total ATP as e activity 
levels of HP in 0. senex senex. 

(Values, expressed as ^omoles of Pi forir^d/ 
mg protein/h, are mean ± S.D-of 6 determi- 
nations) . 

Control 5 1.62 + 0.05 


S tres s 


15 d 

Change % 
Control 


30 d 

Change ' 
Control 

Cd 


3.14 

+ 94.0 


1.04 

- 35.8 


+ 

0.20 


± 

0.07 


pH 


1.70 

+ 5.0 


0.80 

o 

0 
in 

1 


+ 

0.13 


+ 

0.053 


Combined 

(Coirib) 

± 

1.78 

0.05 

+ 9.9 

i 

4.01 

0.012 

-h 148 • 



TABLE 5.19a : Comparison of means of Total ATPase activity 
levels of HP in 0. senex senex with refe- 
rence to stress conditions presented in 
Table 5.19. 

F = 3548 CD o 0.111 


Comparison 

of 


With 

Cd 15 pH 15 COTib 15 Cd 30 pH 30 Corrib 30 


C S S S 

Cd 15 - S S 

pH 15 - - NS 

Comb 15 - - _ 

Cd 30 

pH 30 - - 



S 

S 

S 

s 

s 

s 


S : Significant at 5 % level; NS : Not Significant, 

CD ■value was calculated accoirding to the foirmula given 
in Table 3.1a. 



TABLE 5,20 s Effect of individual and combined in vivo 
stress of Cd & pH on Mg ATP as e activity 

levels of HP in 0- sen ex senex ^ 

(Values, expressed as ^pmoles of Pi formed/ 
mg protein/h, are mean + S.D. of 6 determi- 
nations) . 

Control : 0,717 + 0.02 


Stress 


15 d 

Change % 
Control 


30 d 

Change % 
Control 

mm mm mm mm 

Cd 


1.53 

+ 113 


0.563 

- 21.5 


± 

0.10 


± 

0.02 


pH 


1.20 

+ 67.4 


0.453 

- 36.8 


± 

0,04 


± 

0.02 


Combined 

(Comb) 

± 

1.042 

0.03 

+ 45.3 

i: 

1.30 

0,05 

•+ 81.3 



TABLE 5.20a ; Comparison of means of ATPase activiti? 

levels of HP in 0. senex senex with refe- 
rence to stress conditions presented in 
Table 5 • 20 • 

F _ 2771 CD = 0.064 


Conp arisen 
of 


With 

S~15' pH 15 comb 15 Cd 30 pH 30 Coitib 3C 


C 

Cd 15 
pH 15 
Comb 15 
Cd 30 
pH 30 


s s s s 

^ s S s 

^ - s s 

- s 


s 

s 

s 

s 

s 


s 

s 

s 

s 

s 

s 


s ; Significant at 5% level; NS : Not Significant. 

CD value was calculated according to the formula 
given in Table 3.1a* 



TABLE 5 ♦21 : Effect of individual and combined in vivo 

stress of Cd & pH on AAT activity levels of 
HP in 0. senex senex . 

(Values, expressed as jomoles of Pyruvate 
formed/mg protein/h, are mean + S.D, of 
6 determinations)- 

Control : 0.863 + 0.03 


Stress 


15 d 

Change % 
Control 


30 d 

Change % 
Control 

Cd 


4.00 

+ 364 


1.03 

+ 19.4 


± 

0.80 



0,13 


pH 


0.913 

+ 5.8 


3.00 

+ 248 


± 

0.07 


± 

0.16 


Combined 


1.45 

+ 65.7 


3.00 

+ 248 

(Comb) 

i 

0.12 


± 

0.05 




TABLE 5.2la s Comparison of means of AAT activity levels 
of HP in 0. senex senex with reference to 
stress conditions presented in Table 5.21. 

F 37ia CD = 0.37 


Coirparison 

of 


With 

Cd”l5 pH 15 Conb 15 Cd 30 pH 30 Comb 2 


C 

Cd 15 
pH 15 
Corrib 15 
Cd 30 
pH 30 


S 


NS 

S 


S 

S 

s 


NS S S 

s s s 

NS S S 

S S S 

- s s 


NS 


S s Significant at 5% level; NS : Not Significant. 

CD valne was calculated according to the formula 
given in Tabic 3 .la* 



TABLE 5.99 

Stress 

Cd 

pH 

Combined 

(Cortib) 


Effect of individual and ccxnbined ^ vivo 
stress of Cd & pH on AlAT activity levels 
of HP in 0, senex senex . 

(Values, expressed as ^pmoles of pyruvate 
formed/mg protein/h, are mean S.D, of 6 
determinations) , 

Control : 0.565 ± 0.05 


pm 

15 d 

Change % 
Control 


30 d 

Change % 
Control 


2.50 

+ 343 


0,66 

+ 17.0 


0.40 


± 

0.09 



0.50 

- 11.5 


2.80 

+ 396 

± 

0.07 


± 

0.10 



1.00 

+ 77.0 


2.20 

+ 290 

± 

0.10 


± 

0.23 




table 5 .228 ? Conparison of means of AlAT activity levels 
of HP in 0. senex sen ex with reference to 
stress conditions presented in Table 5.22. 


Corrp arisen 

P = 679 

with 

- 

O 1 

II t 

0 • 

1 

.205 

of 

Cd 15 pH 15 

COfifc 15 

Cd 30 

pH 30 

Corrib 30 

c 

S NS 

s 

NS 

S 

s 

Cd 15 

s 

s 

S 

s 

s 

pH 15 

- 

s 

NS 

s 

s 

Conti 15 

- 

- 

S 

s 

s 

Cd 30 


- 


s 

s 

pH 30 

- 

- 

- 

- 

s 


S : Significant at 5 % level; NS : Not Significant. 

CP Value was calculated according to the formula 
given in Table 3.1a. 



TABLE 5,23 ; Effect of individual and combined vivo 
stress of Cd 5 pH on activity levels 
of HP in p. senex senex . 

(Values/ expressed as ^jmoles of fomazan 
formed/mg protein/h, are mean + S.D- of 6 
determinations) . 

control : 0.134 + 0.01 


Stress 

Cd 

pH 

Combined 

(Cortib) 


15 d 


0.524 
+ 0.09 

0.107 
+ 0.03 

0.118 
+ 0.02 


Change % 
Control 

+ 291 

- 20.0 

- 12.0 


30 d 


0.207 
+ 0.04 

0.100 

0.01 

0.233 
+ 0.05 


Change % 
Control 

+ 54.5 

- 25.4 

+ 74.0 



5 > 23a Comparison of means of GDH activity levels 
of HP in 0. senex senex with reference to 
stress conditions presented in Table 5 #23* 


Coxrtparison 

F = 221 

— 

With 

CD = 0. 

052 

Of 

Cd 15 pH 15 

Coiib 

15 Cd 30 

pH 30 

Comb 30 

C 

S NS 

NS 

S 

NS 

s 

Cd 15 

S 

S 

S 

S 

s 

pH 15 

- 

NS 

s 

NS 

s 

Comb 15 


- 

s 

NS 

s 

Cd 30 

- 

- 

- 

S 

NS 

pH 30 

- 

- 

- 

- 

S 


S 5 Significant at 5% level; NS : Not Significant. 

CD value was calculated according to the formula 
given in Table 3 •la* 



TABLE 5.24 s Effect of individual and combined in vivo 
stress of Cd & pH on SDH activity levels 
of HP in 0. senex s senex • 

(Values, expressed as ^pnoles of formazan 
formed/mg protein/h, are mean + S.D-of 6 
de termi nati ons ) . 

Control ; 0.275 + 0,01 


Stress 


15 d 

Change % 
Control 


30 d 

Change % 
Control 

Cd 


1.530 

+ 456 


0.666 

+ 142 


± 

0-50 


± 

0.06 


pH 


0.333 

+ 20.0 


0.427 

+ 55.3 


± 

0.08 


± 

0.09 


Combined 

(Comb) 

± 

0.266 

0.05 

- 3.3 

± 

0.300 

0.13 

+ 9.1 



table 5.24a : Comparison of means of SDH activity levels 
of HP in 0, senex senex with reference to 
stress conditions presented in Table 5.24. 

F = 82.5 CD 0.234 


With 

Corrp arisen 


of 

Cd 15 

pH 15 

Corrib 15 

Cd 30 

pH 30 

Corrib 

c 

S 

NS 

NS 

S 

NS 

NS 

Cd 15 

- 

S 

S 

s 

S 

S 

pH 15 

- 

•M> 

NS 

s 

NS 

NS 

Comb 15 

- 

- 

- 

s 

NS 

NS 

Cd 30 

- 

“ 

- 

- 

S 

S 

pH 30 

- 

- 


— 

nm 

NS 

S ! 

Significant 

at 5% 

level/ 

NS : Not 

Significant, 


CD -palue was calculated according to the formula 
given in Tabls 3 •la* 



TABLE 5.25 ; Effect of individual and combined in vivo 
stress of Cd & pH on LDH activity levels 
of HP in 0. senex senex . 

(Values, expressed as /moles of fortnazan 
formed/mg protein/h, are mean + S.D-of 6 
determinations). 

Control : 0.121 i 0»Q12 


Stress 


15 d 

Change % 
Control 


30 d 

Change % 
Control 

Cd 


0.578 

+ 378 


0.240 

+ 98.3 


± 

0.08 



0.05 


pH 


0.130 

+ 7.4 


0.044 

- 63.6 


± 

0.03 


± 

0.014 


Combined 


0.130 

+ 7.4 


0.200 

+ 65.3 

(Comb) 

± 

0.022 


± 

0.024 




— — 5.25^ ; Comparison of means of LDH activity levels 
of HP in 0, senex senex with reference to 
stress conditions presented in Table 5.25. 


Ccmp arisen 
of 



With 

CD =: 0.052 


Cd 15 

pH 15 

Corrib 

15 Cd 30 

pH 30 

Conb 30 

C 

s 

NS 

NS 

S 

S 

S 

Cd 15 

- 

S 

S 

S 

s 

S 

pH 15 



NS 

S 

s 

s 

Comb 15 

- 

- 

- 

S 

s 

s 

Cd 30 

- 

- 

- 

- 

s 

NS 

pH 30 


— 

mm 



S 


S ! Significant at 5 % level; NS ; Not Significant. 

CD value was calculated according to the formula 
given in Table 3.1a. 



TABLE 5.26 ; 

Stress 

Cd 

pH 

Combined 

(Comb) 


Effect of individual and combined in vivo 
stress of Cd & pH on MDH activity levels of 
HP in 0, senex sen ex 

(Values, expressed as /amoles of foimnazan 
formed/mg protein/h, are mean + S»D.of 6 
determinations ) . 

Control ; 0.250 j; 0.03 


Change % 
Control 


30 d 


15 d 

0.650 
0.09 

0.143 
+ 0.05 

0.102 
+ 0.01 


+ 160 

- 42.8 

- 59.2 


0.334 
+ 0.09 

0.120 
i 0.04 

0.875 
+ 0.05 


Change % 
Control 

+ 33.6 

+ 52.0 

+ 250 



TABLE 5. 26a 5 

Comparison 

of means of MDH activity levels 


of HP in 0. 

senex 

senex with 

reference to 


stress conditions 

presented 

.in Table 5.26. 


F = 400.3 



CD : 

0.069 

Comparison 



With 

of 

Cd 15 pH 15 

Corrib 

15 Cd 30 

pH 30 

Corrib 30 

c 

S S 

S 

S 

s 

S 

Cd 15 

s 

S 

s 

S 

S 

pH 15 

• 

NS 

s 

NS 

s 

Comb 15 


- 

s 

NS 

s 

Cd 30 


- 

- 

s 

s 

pH 30 

— 


— 


s 


S : Significant at 5% level; NS : Not Significant. 

CD value was calculated according to the formula 
given in Table 3 -la. 



TABLE 5,27 ; Effect of individual and combined jLn vivo 
stress of Cd & pH on Total ATP as e activity 
levels of G in 0, senex senex ■ 

(Values, expressed as /imoles of Pi formed/ 
mg protein/h, are mean + S.D.of 6 determi- 
nations) . 

Control : 0.922 + 0.03 


Stress 

Cd 

pH 

Coribined 

(Ccmb) 


15 d 


0.550 
± 0.05 

1.124 
i 0.05 

1.000 

+ 0.14 


Change % 
Control 


40.0 


+ 22.0 


+ 8,5 


30 d 

0.650 
^ 0.03 

0.400 
0 .04 

1.650 
+ 0.05 


Change % 
Control 

- 29,5 

- 56,6 

+ 79.0 



TABLE 5.27a t Coirparison of -means, of Total ATPase acti- 
vity levels of G in 0. senex senex with 
reference to stress conditions presented 
in Table 5 . 27 • 

F = 1524.7 CD : 0.077 


Comparison 

“■ — — ■*** 


With 



of 

Cd 15 

pH 15 

Corrib 15 

Cd 30 

pH 30 

Corrib 30 

C 

s 

s 

S 

s 

s 

S 

Cd 15 

- 

s 

S 

s 

s 

s 

pH 15 

- 

- 

S 

s 

s 

s 

Corrib 15 


- 

- 

s 

s 

s 

Cd 30 

- 

- 

- 

-- 

s 

s 

pH 30 

— 

mm 

«w* 



s 


S : Significant at 5 % level; NS ; Not Significant. 

CD value was calculated according to the formula 
given in Table 3.1a. 



Table 5#28 s Effect of individual and combined vivo 
stress of Cd & pH on ATP as e activity 

levels of G in 0. senex sen ex , 

(Values, e^^ressed as ^jumoles of Pi fomed/ 
mg protein/h, are mean + S«D. of 6 determi- 
nations). 

Control : 0.600 -h 0.023 


Stxess 


15 d 

Change % 
Control 


30 d 

Change % 
Control 

Cd 


0.423 

- 29.5 


0.298 

- 50.0 


± 

0.013 


± 

0.02 


pH 


0.730 

- 22,0 


0.325 

- 45.2 


± 

0.03 


± 

0.032 


Combined 

(Comb) 

± 

0.611 

0.04 

+ 2.0 


0.7 25 

0.033 

+ 21.0 



TABLE 5.28a t Corrparison of means of ATPase activity 

levels of G in 0. sen ex senex with refe- 
rence to stress conditions presented in 
Table 5.28. 

P = 2514 CD s 0.034 


Conp arisen 



With 




of 

Cd 15 

pH 15 

Conto 15 

Cd 30 

pH 30 

Comb 30 

C 

s 

s 

NS 

S 

S 

S 

Cd 15 

- 

S 

s 

S 

S 

S 

pH 15 

- 

- 

s 

S 

s 

NS 

Comb 15 

- 

- 

- 

s 

s 

8 

Cd 30 

- 


- 

- 

NS 

S 

pH 30 

• 

- 

- 

- 

- 

s 


S : Significant at 5% level; NS : Not Significant. 

CD value was calculated according to the formula 
given in Table 3.1a. 



TABLE 5.29 i Effect of individual and combined vivo 
stress of cd & pH on GDH activity levels 
of G in 0, senex senex . 

(Values, expressed as ^^oles of forroazaia 
formed/mg protein/h, are mean j; S.D. of 6 
determinations) , 

Control ; 0,625 + 0,03 


Stress 


15 d 

Change % 
Control 

30 d 

Change 9i 
Control 

Cd 


0.302 

- 51.7 

0.250 

•• 60 *0 


± 

O 

e 

O 


± 0.11 


pH 


0,302 

- 51.7 

0.610 

♦ 2.4 


± 

0.04 


± 0-07 


Catibined 

(Coitto) 

± 

0.362 

0.06 

- 42.0 

0.023 
± 0,01 

- 96.3 



TABLE 5.29ai Conparison of means of GDH activity levels 
of G in 0. senex senex with reference to 
stress conditions presented in Table 5.29. 

F 186.6 CD sr 0.082 


Comparison 




With 



of 

Cd 15 

pH 15 

Cordb 

15 

Cd 30 

pH 30 

Comb 30 

C 

s 

s 

S 


S 

NS 

S 

Cd 15 

- 

NS 

NS 


HS 

s 

S 

pH 15 

- 

- 

m 


NS 

s 

S 

Comb 15 

- 

- 

- 


S 

s 

S 

Cd 30 

- 

- 

- 


- 

s 

S 

pH 30 

- 

- 

- 


- 

- 

S 

S: Significant 

at 5% 

level; 

NS 

: Not 

Significant. 


CD value was calculated according to the formula 
given in Table 3.1a. 



TABLE 5t3Q > Effect of individual and combined in vivo 
stress of Cd & pH on SDH activity levels 
of G in 0, senex senex . 

(Values, expressed as ji:imoles of formazan 
formed/mg protein/h, are mean + S#D-of 6 
determinations ) . 

Control s 0.983 4* 0.02 


Stress 


15 d 

Change % 
Control 


30 d 

Change % 
Control 

Cd 


0.513 

- 47.2 


0.341 

- 65.7 


Hh 

0.04 


± 

0.17 


pH 


1.002 

+ 2.0 


0.665 

- 32.4 


i 

0.09 


± 

0.07 


Ccnibined 


0.424 

- 57.0 


0.150 

- 85.0 

(Coirib) 

+ 

0.09 


± 

0.015 




TABLE 5.30a ; Comparison of means of SDH activity levels 
of G in 0. sen ex senex with reference to 
stress conditions presented in Table 5.30. 

F = 284.45 CD > 0,104 


Coitparison 

of 


With 

Cd 15 pH 15 Corrib 15 Cd 30 pH 30 9Coirib 30 


C 

Cd 15 
pH 15 
Corrib 15 
Cd 30 
pK 30 


S NS S S 

- S NS S 

- - s s 

- - - NS 


s 

s 

s 

s 

s 


s 

s 

s 

s 

s 

s 


S : Significant at 5 % levels NS : Not Significant. 

CD Value was calculated according to the formula 
given in Table 3.1a. 



TABLE 5, 31 5 Effect of individual and caribined in viYO 
stress of Cd & pH on LDH activity levels 
of G in 0 . senex senex . 

(Values, ej^ressed as /unoles of formazan 
fonned/mg protein/h, are mean + S*D.of 6 
determinations) , 

Control i 0.274 0.04 


Stress 


15 d 

Change % 
Control 


30 d 

Change % 
Control 

Cd 


0.134 

- 51.0 


0.107 

- 61.0 


± 

0.06 


± 

O 

* 

o 


pH 


0,086 

- 68.6 


0.103 

- 62.4 


i 

0.007 


+ 

0.02 


Combined 
( Corrib) 

+ 

mm 

0.120 

0.013 

- 56,0 

± 

0.030 

0.008 

- 89.0 



TABLE 5.3la t Comparison of means of LDH activity levels 
of G in 0, senex sen ex with reference to 
stress conditions presented in Table 5.31. 

P = 367.13 CD « 0.023 


Comparison 

of 


With 


Cd 15 pH 15 Corrib 15 Cd 30 pH 30 Ccxrib 30 


c 

s 

s 

S 

s 

s 

S 

Cd 15 

- 

s 

NS 

s 

s 

s 

pH 15 

- 

- 

S 

NS 

NS 

s 

Comb 15 

- 



NS 

NS 

s 

Cd 30 


- 

- 

- 

NS 

s 

pH 30 

- 

- 

- 

- 

- 

s 


S : Significant at 5 % level; MS ; Not Significant 

CD value was calculated according to the formula 
given in Table 3.1a. 



TABLE 5.32 1 Effect of individual and combined, vivo 
stress of Cd & pH on MDH activity levels 
of G in 0, senex senex . 

(Values, expressed as /moles of formazan 
formed/mg protein/h, are mean + S*D-of 6 
determinations) . 

Control ; 0.353 + 0,07 


Stress 


15 d 

Change % 
Control 

30 d 

Change % 
Control 

Cd 


0.307 

- 13.0 

0.277 

~ 22.0 


± 

0.02 


+ 


pH 


0.340 

- 3.7 

0.400 

+ 13.2 


+ 

0.07 


i 0,05 


Combined 

(Corrib) 


0.090 

0.009 

- 74.5 

0,090 

± 0,009 

- 74.5 



table 5^32a s Corrparison of means odE JMDH activity levels 
of G in 0, senex seneoc vL tin f erence to 

s tres s conditi ons pire^sentecS d.rK Tal>le 5 ♦ 3 2 . 




F = 

268 



CT * 0 

.052 

Comparison 



With 





ot 

Cd 15 

pH 15 

Corib 15 

Cd 30 

p»H 30 

COiTib 30 

C 


NS 

NS 

S 

S 

NS 

S 

Cd 

15 

- 

NS 

S 

NS 

S 

s 

pH 

15 

- 

- 

S 

S 

s 

s 

Comb 15 

- 

- 


s 

s 

NS 

Cd 

30 

- 

- 

- 


s 

S 

pH 

30 


- 

•• 

- 


s 


S s Significant at 5% level/ ; Hot Significant . 

CD value was calculated accordi-HQ to- the fomula 
given in Table 3.1a. 



Fig. 5.1: Percent: change of AChE activity 
level in cephalothoracic gang- 
lionic mass (CTGM) of Cd-, pH- 
and Cortibinationally (Comb.) intoxi- 
cated crabs at 15 d and 30 d sub- 
lethal exposure periods. 

Fig. 5.2: Percent change of Total ATPase 

activity level in cephalothoracic 
ganglionic mass (CTGM) of Cd-^ pH^ 
and Combinationally (Comb.) intoxi- 
cated crabs at 15 d and 30 d siib- 
lethal exposure periods. 

Pig. 5-3: Percent change of Mg'^'*’ ATPase acti- 
vity level in cephalothoracic gang- 
lionic mass (CTGM) of Cd-^ pH- and 
Combinationally (Comb.) intoxicated 
crabs at 15 d and 30 d sublethal 
exposure periods. 





Fig. 5. 


Fig. 5. 


Fig. 5. 


Fig. 5. 


4s Percent change of AAT activity level 
in cephalothoracic ganglionic mass 
(CTGM) of Cd— / pH- and Combinational ly 
(Comb.) intoxicated crabs at 15 d and 
30 d sub lethal exposure periods. 

5s Percent change of AlAT activity level 
in cephalothoracic ganglionic mass 
(CTGM) of Cd-, pH- and Combinational ly 
(Comb.) intoxicated crabs at 15 d and 
30 d sub lethal exposure periods. 

6 : Percent change of GDH activity level 

in cephalothoracic ganglionic mass 
(CTGM) of Cd-, pH- and C orribinationally 
(Comb.) intoxicated crabs at 15 d and 
30 d s-ub lethal exposure periods. 

7: Percent change of SDH activity level 
in cephalothoracic ganglionic mass 
(CTGM) of Cd-, pH- and Combinationally 
(Comb.) intoxicated crabs at 15 d and 
30 d sublethal exposure periods- 




DAYS OF i 




CT«M 


COHft 










Fig. 5.8s Percent change of LDH activity level 
in cephalothoracic ganglionic mass 
(CTGM) of Cd-/ pH- and Combination ally 
(Comb.) intoxicated crabs at 15 d and 
30 d sublethal exposure periods* 

Fig. 5*9s Percent change of MDH activity level 
in cephalothoracic ganglionic mass 
(CTGM) of Cd-, pH- and Combinational ly 
(Comb.) intoxicated crabs at 15 d and 
30 d sublethal exposure periods* 

Pig. 5.102 Percent change of AChE activity level 
in muscle (M) of Cd-, pH- and Combi - 
nationally (Cordb.) intoxicated crabs 
at 15 d and 30 d sxoblethal e:xposure 
periods. 





0 





Percent change of Total ATPase 
activity level in muscle (M) of 
Cd-, pH-, and Combinational ly (Comb.) 
intoxicated crabs at 15 d and 30 d 
lethal exposure periods. 

2+ 

Percent change of Mg ATPase 
activity level in muscle (M) of 
Cd-/ pH- and Combinational ly (Comb^) 
intoxicated crabs at 15 d and 30 d 
sublethal exposure periods* 

Fig. 5.13: Percent change of AAT activity level 
in muscle (M) of Cd-, ph— and Combi— 
nationally (Comb.) intoxicated crabs 
at 15 d and 30 d sublethal exposure 
periods • 

Fig. 5.14; Percent change of AlAT activity level 
in muscle (M) of Cd-, pH- and Combi- 
nationally (Comb.) intoxicated crabs 
at 15 d and 30 d sublethal exposure 
periods . 










Fig, 5,15: 


Fig^ 


Fig. 


Fig* 


Percent change of GDH activity level 
in muscle (M) of Cd-, pH- and Corribi- 
nationally (Comb.) Intoxicated crabs 
15 d and 30 d sublethal exposure 
periods . 


5.16: Percent change of SDH activity level 

in muscle <M) of Cd-, pH- and Combi - 
nationally (Comb.) intoxicated crabs 
at 15 d and 30 d sublethal exposure 
periods . 

5.17: Percent change of LDH activity level 

in muscle (M) of Cd-, pH- and Combi- 
nationally (Comb.) intoxicated crabs 
at 15 d and 30 d sublethal exposure 
peri ods. 

3.18: Percent change of MDH activity level 
In muscle (M) of Cd-, pH- and Combi- 
nationally (Comb.) intoxicated crabs 
at 15 d and 30d sublethal 
peri ods* 


e^cposure 










Fig. 5-19: Percent change of Total ATPase 

activity level in hepatopancreas 
(IIP) of Cd-, pH- and Combinational! y 
(Comb.) intoxicated crabs at 15 d 
and 30 d sublethal exposure periods. 

2+ 

Fig. 5.20: Percent change of Mg ATPase acti- 
vity level in hepatopancreas (HP) 
of Cd-, pH- and Combinationally 
(Comb.) intoxicated crabs at 15 d 
and 30 d sublethal exposure periods. 

Fig. 5.21: Percent change of AAT activity level 
in hepatopancreas (HP) of Cd-, pH- 
and Combinationally (Con±>.) intoxi- 
cated crabs at l5 d and 30 d sublethal 
exposure periods. 

Fig. 5.22: Percent change of AlAT activity level 
in hepatopancreas (HP) of Cd-, pH- 
and Combinationally (Corib.) intoxicated 
crabs at 15 d and 30 d sublethal expo- 
sure peiriods. 








Fig. 


Fig. 


Fig. 


Fig. 


.23: Percent change of GDH activity 

level in hepatopancreas (HP) of 
Cd-, pri- and Cornbinationally (Conib.) 
intoxicated crabs at 15 d and 30 d 
sublsthal exposure periods. 

.24: Percent change of SDH activity level 

in hepatopancreas (HP) of Cd-, pH- 
and Cornbinationally (Cemb.) intoxi- 
cated crabs at 15 <3 and 30 d sub- 
lethal exposure periods. 

5,25. Percent change of LDH activity level 
in hepatopancreas (HP) of Cd-, pH~ 
and Con'binationally (Comb.) intoxi- 
cated crabs at 15 d and 30 d sublethal 
exposure periods. 

5.26-. Percent diange of HDH activity level 
in hepatopancreas (liP) of Cd-, pH- 
and Ccinbinationally (Cctnb.) intoxicated 
crabs at 15 d and 30 d sublethal e;qoo— 
sure periods. 





Pig. 5.272 Percent change of Total ATPase 

level in gill (C) of 
Cd-, pH- and Caobinationally (Conib.) 
intoxicated crabs at 15 d and 30 d 
sub lethal exposure periods. 

24 - 

Fig. 5.28. Percent change of Mg’' ATPase acti- 
vity level in gill (G) of Cd-^ pH- 
and Combiiiationally (Ccmb.) intoxi- 
cr'ted crabs at 15 d and 30 d sub- 
la thal exposure periods. 

Fig. 5.29 2 Percent ghange of GDH activity level 
in gill (G) of Cd-/ pH- and Ccmbina- 
tionaXly Comb.) intoxicated crabs 
at 15 d and 30 d sublethal exposure 
periods. 


Fig. 5.30^ Percent change of SDH activity level 
in gill (G) of Cd-/ pH— and Combina*- 
tionally (Cord?.) intoxicated crabs at 
15 d and 30 d sub lethal exposure 
periods# 








CHiPfER TI 


HISTOGRAVIMETRY AND TISSUE 
HYDRATION PROFILES 



The stress ants exert influence 


on the levels of chemical con- 
VI 1 INTRODUCTION stituents of the tissues# This 

point has been made out statis- 
factorily in the present organism (O. senex senex ) under 
Cd- and pH-duresses* Examination of these chemical pro- 
files no do\±)t forms an important elucidational methodo- 
logy in toxicology. However# examination of the gravi- 
metric statuses of the sub-organismal components (Viz,^ 
tissues) under the stress ant-duress may give an addi- 
tional interpretational dimension. This gravimetric 
approach has earlier been employed for the study of 
stresses like aestival dehydration (Chandrasekharam# 

1977) and hyperosmotic salinity- adaptation stress 
(Venkatareddy# 1976) . 

In this chapteral location# the data on the wet 
and dry weight statuses of the tissues in relation to 
the stress ant-duress are in given for 0. senex senex # 
Incidentally the levels of tissue hydration are also 
dealt with# which data flow by way of difference between 
wet and dry tissue weights# 
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The procedural details regard- 
ing collection of animals and 

VI. 2 MATERIALS AND 

METHODS their in- laboratory maintenance 

VI. 2. A HSI determination have been given elsewhere 

{Chapter II) . Preparation of 
the different investigation groups also has been given 
earlier (ChaptersII and III). Tissue isolation proce- 
dures are dealth with in an earlier chapteral location 
(Chapter IV) , 

Tissue gravimetry consists in isolating the 
tissue in totally/ as far as practicable, and recording 
the weight of this tissue. This total tissue weight, 
e3<pressed in somatic weight-specific terms, yields an 
index, named ‘histo-somatic index' (HSI) . 

Total tissue weight (g) 

HSI = X 100 (1) 

Somatic weight (g) 

If the total wet tissue weight is expressed per- 
cent somatic weight, wet HSI is obtained. Similar compu- 
tation with the total dry weight of the tissue yields 
dry HSI, 


The stressed organisms, and control-groups are 
used for determination of the Hfils of the different 
tis sues . ‘ 



Thus HSI determination involves, recording of the 
somatic weight of an organism and recording of total indi- 
vidual tissue-weight after sacrifice of the organism* 

Tissue like hepatopancreas , gill and gonad, can 
be isolated easily* But isolation of chelate leg muscle 
is fraught with problems; therefore, an indirect method 
is employed for the determination of the total weight of 
this tissue, as described by Venkatareddy (1976) earlier* 
This method involves determination of weight of chelate 
legs, their alkaline-digestion (for dissolution of muscle 
mass) and determination of the mxjscle-free chelate-leg 
skeleta. 


The chelate leg pair is scissored from the 
organism, and the weight is determined in analytical 
balance (Entire leg weight, EW)* The skeletal enclo- 
sures of the legs are slit open to expose the muscles 
and the 'scissorable’ mass is removed. This preparation 
is kept in small KOH-soluticn. filled beakers overnight, 
to allow digestion of the muscle mass remaining attached 
to the skeletal interiors* Next day, the skeleta are 
removed, thoroughly washed in water and dried. The 
weight of this chelate leg skeleton is determined (skele- 
tal weight, SW). The difference tsetween these two 
weights gives the weight of die late leg muscle (MW), 
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MW a (ES - SW) (2) 

The MW thus obtained may then be employed for 
computation of HSI of muscle tissue. 

The tissues / after isolation, are blotted free 
of adhering body fluids and weighed to obtain wet tissue 
weight records. The tissues are dried in hot air oven 
at 65 for 10 h and dry weights are recorded. 

In the case of muscle, major mass obtained after 
*chelotomy* (chelate leg slitting) is weighed, dried and 
weighed (for wet and dry weight recordings). 

Finally# a correction is applied to the dry 
weight, of muscle, after assessing more accurately the 
wet weight of the chelate leg muscle by the indirect 
alkaline digestion method mentioned above. 


The recording of tissue hydra- 


VI 2.B RECORDING OF 

TISSUE HYDRATION 


tion is incidental to determi** 
nation of wet and dry weights 
of tissues. This important com- 


ponent of the tissues is e:>^ressed here in relation to 
somatic weight. Total tissue water (TTW) is cbtained by 
way of difference between tissue wet weight (TWW) and 
tissue dry weight (TDW) , the recording procedures of 


vjhich are given above. 
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TTW = TVW - TDW .. (3) 

TTW eijpressed percent somatic weight (Sw) 
yields an index, water-somatic index (WSI) of the 
tissue, 

TTW 

WSI = X 100 .. (4) 

SW 

A more useful parameter which yeilds Insight 
into the physiological state of the tissue is tissue- 
weight specific water content or tissue-weight specific 
hydration (wSH). of water cc»»tent percentage, 

TTW 

WSH = X 100 (5) 

TWW 


The tissue gravimetric and 
hydration data obtained as 
detailed above are subjected 
to statistical evaluation 

using analysis of variance (‘ANOVA*) as the statistical 
analytical tool (Pillai and Slnha, 1968) . 


VI 2,C STATISTICAL 
analysis 


The results of the histogra- 
vimetric investigation and 

VI 3 RESULTS 


studies of hydration levels in 
e. senex senex , in relation to the diverse stress ant 
regimes are given in tables 6,1 to 6.12. Tissue weight- 
specific hydration (WSH) data are given in tables6»I 


to 6. IV, 
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Wet gravimetric data for 
hep atop an ere as of 0. senex 
VI 3. A HEP ATOP an CRE AS (HP) senex in relation to divers 

stress an tduresses are given 
in table 6.1 (Fig, 6.1; Statistical Evalnationi Table 
6.1a) . 


Under the different stress ant regimes/ the wet 
tissue weight status of hepatppancreas shows a consis- 
tent depressive modification. 

Under Cd- regime, the pattern is conservatory 
depression (- 54.4% control, 15 dps; - 27.6% control, 

30 dpfs) » 


Under pH-regime too, a similar trend is evident 
(- 43.3% control, 15 dps; - 38.8% control, 30 dps). 

Under corrbinational regime, a reversed trend is 
discernible (- 37.5% control, 15 dps; - 47,5% control, 

30 dps) (Pig. 6.1) . 

Dry weight of hepatopancreas also is modified 
in the negative (depression) direction under different 
stressant duresses in 0. senex senex (Table 6.2; Fig. 6.2 
Statistical evaluation; Table 6.2a). 

Cd-induced change in dry tissue weight status 
is conservatory depression (15 dps; — 56.3% control; 

30 dps; - 17.0% control). 
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Under pH-stress the trend of progressive depre- 
ssion is evident (15 dps; - 41.5% control; 30 dps: 

- 46.0% control). 

Under conibinational regime also progressive 
depression trend is noted (15 dps: _ 44.4% control; 

30 dps:; - 56.6% control). 

Water-somatic indices (wSIs) for hepatopancreas 
undergo depressions consistently under the different 
stressant regimes, in 0. sene;>c senex (Table 6,3; Fig, 
6.3; Statistical evaluation: Table 6.3a) 

Under the individual stresses of Cd and pH, the 
WSI's show the trend of conservatory depression (Gd: 

15 dps: - 53.2% control; 30 dps: - 34*9% control; pn: 

15 dps: - 42.7% control; 30 dps; - 33.6% control). 

Under the combinational regime, the trend of 
progressive depression is evident (15 dps: -32.8% con- 
trol, 30 dps: - 47,5% control). 

Hepatopanci^atic tissue weight specific hydra- 
tion (WSH) under the stressant duresses shows diverse 
deviations (Table 6.1). Under Cd— stress, the shorter 
stress-duration shows a small increase in this parameter 
(+ 2,8% control, 15 dps), Depressory change is found 
in the longer stress -duration (-10.1% control, 30 dps). 
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Under pH stress, the parameter shows progre- 
ssive elevation profile (15 dps: + 1.2% control; 30 dps: 

+ 8.6% control) . 

Under combinational regime, tlie shorter stress- 
duration shows a positive change (+ 7.6?4 control, 15 dfe>s) 
while in the longer stress-duration, the parameter shows 
eero-percent change. 

Wet gravimetric data for 
chelate leg muscle of 0, senex 

VI 3. B chelate leg 

MUSCLE (M) senex under the different 

stress ant regimes are given in table 6.4 and figure 6*4 
(Statistical evaluation: Table 6.4a) . 

The wet weight; status of the tissue undergoes 
consistently positive change under the different stre- 
ssant regimes. 

Under Cd-regime, the pattern is of progressive 
elevation (15 dps; + 11.5% control; 30 dps: + 12.3% 
control) . 


Under pH- regime, the pattern is conservatory 
elevation (+ 16.3% control, 15 dps; + 10.5% control; 
30 dps) . 

Under combinational regime also conservatory 
Rlovation pattern is found (+ 9.3% control, 15 dps s 
+ 5.8% control, 30 dps)* 
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Under the stressant regimes, the dry weight 
status of muscle shows a general trend of positive change 
(Table 6.5; Pig. 6.5; Statistical evaluation; Table 6.5a). 

Under Cd-regime, a pattern of progressive eleva- 
tion is discernible (+ 5.2% control, 15 dps; + 20,1% 
control, 30 dps) . 

Under pH- regime also a similar pattern is evi- 
dent (+ 6.2% control, 15 dps; + 20.0% control, 30 dps). 

Under combinational regime, a depression-eleva- 
tion pattern is found (- 12,0% control, 15 dps; + 8.7% 
control, 30 dps) . 

The parameter of water somatic index of muscle 
£• sen ex senex shows a consistent elevatory trend 
under the different stressant regimes (Table 6.6; 

Pig, 6.6; Statistical evaluation; Table 6,6a). 

Under all the regimes, the pattern of conserva- 
tory elevation is noticeable (Cd-stress; + 18,3% con- 
trol, 15 dps; + 4,2% control, 30 dps; pH-stress: +27,3% 
control, 15 dps; + 0.6% control, 30 dps; Combinational 
stress; + 32,1% control, 15 dps; + 21*6% control, 30 dps). 

Tissue weight-specific hydration (WSH) data 
for muscle of 0. senex senex under the different stre- 
ssant regimes are given in table 6,11, 
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Under Cd-stress, a pattern of elevaticm-depre- 
ssion is evident (+ 6.0% control/ 15 dps; ~ 7.4% con- 
trol, 30 dps) . 

Under pH-stress also a similar pattern is dis- 
cernible (+ 9.3% control, 15 dps; - 9.1% control, 30 dp^. 
Under combinational regime a pattern of conservatory 
elevation is evident (+ 20,8% control, 15 dps; + 14,8% 
control, 30 dps) . 

The wet branchial histoso- 

VI 3.C GILL (G) matic indices of 0, senex 

senex under the stress ant 

regimes are given in table 6,7, figure 6.7 (Statistical 
evaluations Table 6.7a). 

Under Cd-regime, the shorter stress-diiration 
shows a small, non-significant depression of branchial 
H5I (- 6.0% control, 15 dps). At the longer stress- 
dviration, there is a notable elevation of the index 
(+ 74,8% control, 30 dps). 

Under pH-s tress, a pattern of progressive ele- 
vation is evident (15 dpsJ + 8,4% control; 30 dpst 
+ 87,8% control). 


Under the combinational regime, both durations 
reveal statistically non-significant variations. In 
the shorter stress -duration a 9.1% elevation is found 



while in the longer stress-duration a very small nega- 
tive change is found (- 1,1% control^ 30 dps). 

The dry liistosonatic index data for gill tissue 
of 0, senex sen ex under the stressant-regimes are given 
in table 6,8 and figure 6,8 (Statistical evaluation: 
Table 6 »8a) • 

Under the regimes, a trend of general elevation 
of the HSI status of the tissue is evident. 

Under Cd-stress, a pattern of progressive ele- 
vation is discernible {+ 5,6% control, 15 dps; + 35,0% 
control, 30 dps) , Under pH-stress, the shorter stress- 
duration shows a small positive change (+ 11.1% control 
15 dps) and the longer stress-duration shows a very 
small depression (- 3.9% control, 30 dps). 

Under the combinational regime, a pattern of 
conservatory elevation is evident (15 dps: + 28,3% con- 
trol, 30 dps: + 12,8% control). 

The watcr-somatic index data for the gill tissue 
in 0, senex senex reveal a general trend of elevation, 
under the diverse stress regimes (Table 6,9; Pig. 6.9; 
Statistical evaluation: Table 6,9a) 
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Under Cd-stress, the pattern of depression-ele- 
vation is found (15 dps: - 7.7% control; 30 dps: +79.4% 
control) . 


Under pH-stress, the pattern of progressive 
elevation is found (15 dps: + 8.8% control; 30 dps: 

+ 92.0% control). 

Under the combinational regime/ small/ statis- 
tically non-significant changes arc noted in both dura- 
tions (+ 6.4% control, 15 dps; - 3,1% control, 30 dps). 

The weight-specific hydration data for gill 
tissue of 0. senex senex are given in table 6. III. 

Under C(j-stress, the pattern of depression- 
elevation is evident {- 1.7% control, 15 dps; + 2.6% 
control, 30 c^s) , 

Under pH- regime, the shorter stress-duration 
shows a very small elevation of WSH (+ 0.3% control, 

15 dps) while the longer stress -duration shows an ele- 
vation (+ 5.6% control, 30 dps). 

Under the combinational regime, both durations 
show a small, negative changes of WSH (- 2.4% control, 
15 dps; - 2.1% control, 30 dps). 
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The ovarian wet histosomatic 
VI 3.D OVARY (0) index data in 0, senex senex 

(Table 6.10; Pig. 6.10; Sta- 
tistical evaluation; Table 6.10a) show a general eleva- 
tor y trend. 

Under Cd-regime the changes, which are remar- 
kably high, show the pattern of conservatory elevation 
(+ 362% control, 15 dps; + 143% control, 30 dps). 

Under pH- regime the pattern is progressive ele- 
vation (+ 48.0% control, 15 dps; + 135% cpntrol, 30 dps), 

Under the combinational regime the pattern of 
elevation-depression is evident ('+66.0% control, 15 
dps; - 23.5% control, 30 dps). 

The dry gravimetric statxis of ovary in 0, senex 
senex varies generally on elevation side, under various 
stressant regimes (Table 6.11; Fig. 6.11; Statistical 
evaluation; 6.11a). 

Under Td-stress, the remarkably high elevations 
noted show the pattern of conservation (+ 374% control, 
15 dps; + 197% control, 30 dps). 

Under pH-regime, the pattern of progressive 
elevation is observable (+ 66,7% control, 15 
+ 78.0% control, 30 dps). 
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Under the combinational regime/ the pattern of 
elevation-depression is evident (15 dps: + 107% con- 
trol; 30 dps: - 46,7% control). 

The water-scroatic index of ovary in 0, sene;^ 
sencx under the different stressant regimes shows a 
general trend of elevation (Table 6.12; Fig. 6.12; 
Statistical evaluation: Table 6.12a) • 

Under Cd-regime/ the pattern of conservatory 
elevation is evident (+ 352% control/ 15 dps; + 107% 
control/ 30 dps) . 

Under pH- regime/ the pattern of progressive 
elevation is evident (+ 41.2% control/ 15 dps} + 171% 
control/ 30 dps) . 

Under the combinational regime/ the pattern of 
elevation-depression is evident (+ 41.2% control/ 15 
dps; - 5,9% control/ 30 dps). 

The ovarian tissue weight-specific hydration 
(WSH) levels in 0. senex sen^, under the different 
stressant regimes are given in Table 6 .IV, 

Under Cd-regime/ the change is of the progre- 
sslva elevation pattern I- 2.2H control, 15 dps, -15.0!4 
control/ 30 dps) . 
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Under pH- regime the depression-elevation 
pattern is found (- 4.6% control, 15 dps; + 18.0% 
control, 30 dps) . 

Under the combinational regime also the depre- 
ssion-elevation pattern is seen (- 15,0% control, 

15 dps; + 23,6% control, 30 dps). 

One inportant point that is 

VT 4 COMMENT highlighted by the histogra- 

vimetric data presented in 

VI. 3 is the remarkable decrement in the weight status 
of hepatopancreas . This decrement is evident in both 
wet weight and dry weight and also in the water-somatic 
index (WSI). 

The other three tissues studied, in contrast, 
exhibit the general trend of increase of the weight 
status under the influence of diverse stressants. 

Of the three tissues, muscle shows moderate 
increments in wet and dry weight statuses whereas ovary 
shows remarkable increases of parameters. 

This stressant-induced 'hypertrophy' observed 
in ovary makes a striking contrast to the 'hypotrophy' 
recorded in hepatopancreas and highlights the aspects 
of the basic biochanical 'personality' differences 
between the tissues. 
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These data on histogravimetry may be considered 
to add an additional g;uantitative dimension to the advert 
si ties caused by the stress ants on crustaceans (Bernhard 
and Zattera, 1975; Vernberg et 197 4; Lake and Thorp^ 

1974; Waldichuck, 1974), 

-:o0o:- 



table 6,1 ; Effect of individual and combined ^ vivo 
stress of Cd & pH on HSis of wet weight of 
HP in 0. senex senex » 

(Values# ejqjressed as grams# are mean + S.D 
of 10 determinations) . 

Control : 8.012 + 0.932 


Stress 


15 d 

Change % 
Control 


30 d 

Change % 
Control 

Cd 


3.650 

- 54,4 


5.800 

- 27.6 


± 

1.07 


± 

2.04 


pH 


4.540 

- 43.3 


4,900 

- 38.8 


± 

0.96 


± 

0.10 


Combined 


5.007 

- 37.5 


4.210 

- 47.5 


(Comb) ^ ^^72 ± 1«83 



TABI£ e.la t Comparison of means of HSIs of wet vjeight 
of HP in 0. senex senex with reference to 
stress conditions presented in T^le 6.1. 




F = 

160.44 



CD = 1. 

283 

Comparison 



With 





or 

Cd 15 

pH 15 

Comb 15 

Cd 30 

pH 30 

Comb 30 

C 


S 

s 

s 

s 

s 

s 

Cd 

15 

- 

NS 

s 

s 

s 

NS 

pH 

15 

- 


NS 

NS 

NS 

NS 

Corrib 15 

- 

- 

- 

NS 

NS 

NS 

Cd 

30 

- 

- 

- 

- 

NS 

NS 

Pb 

30 

- 


- 

- 

- 

NS 


S = Significant at 5% level; NS = Not Significant. 

CD value was calculated according to the formula 
given in Table 3.1a- 



Effect of individual and combined vivo 
stress of cd & pH on HSIs of dry weight of HP 
in 0. senex senex . 

(ValueSi expressed as grams / are mean + S.fi* 
10 determinations) . 

Control : 3.250 j- 0,56 


Stress 

15 d 

Change % 
Control 

30 d 

Change % 
Control 

» MM 

Cd 

1.423 

- 56,3 

2.700 

- 17.0 


+ 0 , 81 


i 1.25 


pH 

1.900 

- 41.5 

1.750 

- 46.0 


+ 0,64 + 0.42 


Combined 

(Comb) 


1,806 
+ 0,90 


- 44,4 


1.410 

± 1.21 


- 56.6 



table 6 . 2a ; Comparison of means of HSis of dry weight 

of HP in 0. senex senex with reference to 
stress conditions presented in Table 6.2. 

F = 69.35 CD = 0.782 


Comparison 

Cd 15 

pH 15 

With 

Comb 15 

Cd 30 

pH 30 

CorfD 30 

C s 

s 

s 

s 

s 

s 

Cd 15 

NS 

NS 

s 

NS 

NS 

pH 15 

- 

NS 

s 

NS 

NS 

Corrib 15 

- 

- 

s 

NS 

NS 

Cd 30 


- 

- 

S 

S 

pH 30 

- 

- 

- 

- 

NS 

S = Significant at 

5% level; 

NS = 

Not Significant. 

CD value was 

calculated according 

to the 

formula 


given in Table 3.1a. 



TABLE 6.3 ; Effect' of individual and combined vivO 
stress of Cd & pH on hydration level of HP 
in 0. senex senex . 

(Values, expressed as grams, are mean ± S.D. 
of 10 determinations) . 





Control : 4.76 

± 

0.76 


Stress 


15 d 

Change % 
Control 


30 d 

Change % 
Control 

Cd 


2.23 

- 53.2 


3.10 

- 34.9 


± 

0.50 


± 

0.87 


pH 


2.73 

- 42.7 


3.16 

- 33.6 


± 

0.27 


± 

0.61 


Combined 


3 .20 

- 32.8 


2.50 

- 47.5 

(Comb) 

± 

0.94 


± 

0.20 




.6_.# 3 ..^ : Comparison of means of hydration level of 

HP in O* senex sen ex with reference to 
stress conditions presented in Tahle 6 .3* 


Comp aris on 

F = 

281 

With 

- 

CD = 0 

.581 

of 

Cd 15 

pH 15 

Comb 15 

Cd 30 

pH 30 

Corrib 

C 

S 

S 

S 

S 

S 

S 

Cd 15 

- 

NS 

S 

S 

S 

NS 

pH 15 

- 

- 

NS 

NS 

NS 

NS 

Comb 15 

- 

- 

- 

NS 

NS 

S 

Cd 30 

- 

- 

- 

- 

NS 

S 

pH 30 

- 

- 

-* 

- 

— 

S 


S = Significant at 5% level; NS Not Significant* 

CD value was calculated according to the formula 
given in Table 3.1a. 



table 6.1; 


Tissue weight-specific hydration levels 
(wSH) in the hepatopancreas (HP) of O. 
senex sen ex under individual and combined - 
in vivo regiraes of Cd & pH. 

Values, expressed as water (hydration) in 



g percent 

wet tissue 

weight are 

calculated 


from the 

data given in tables 6 

* 1 and 6 ♦ 3 . 



Control 

: 59.4 


Stress 

15 d 

Change % 
Control 

30 d 

Change % 
Control 

Cd- treatment 61*1 

4- 2*8 

53.4 

- 10.1 

pH- treatment 60 #1 

+ 1.2 

64.5 

+ 8 .6 

Combined 

treatment 

63.9 

+ 7.6 

59.4 

0 



table 6^4 s Effect: of individual and cornbined ^ vivo 
stress of Cd Sc pH on HSIs of wet weight of 
M in 0 . senex senex . 

(Values, expressed as grams, are mean t 
of 10 determinati ons ) . 

Control : 17*02 t 1.00 


Stress 

15 d 

Change % 
Control 

30 d 

Change % 
Control 

Cd 

18.97 

t 11.5 

19.12 

+ 12.3 


+ 1.03 


+ 1«63 


pH 

19.80 

+ 16.3 

18.80 

+ 10.5 


t 0 » 80 


+ 0.70 


Combined 

(Comib) 

18.60 

t 0.64 

+ 9.3 

18.00 

± 0,75 

+ 5.8 



table 6.4a i Comparison of means of HSIs of wet weight 
of M in 0. senex senex with reference to 
stress conditions presented in Table 6.4- 

F = 4205 CD = 0.877 


Comparison 

of 


With 

«M> tumrnmtimmmmm m m » <»»*—»#«««■ mi m m :m m tm m mm <•">> 

Cd 15 pH 15 Comb 15 Cd 30 pH 30 Conib 30 


c 

S 

S 

S 

s 

s 

mm m wm 

S 

Cd 15 

- 

NS 

NS 

NS 

NS 

s 

pH 15 


- 

S 

NS 

s 

s 

Corrib 15 

- 

- 

- 

NS 

NS 

NS 

Cd 30 

- 

- 

- 

- 

NS 

s 

pH 30 

- 

- 

- 

- 

- 

NS 

1 tMl «M «Mt in* 


S = Significant at 5% level; NS = Not Significant. 

CD value was calculated according to the formula 
given in Table 3.1a* 



TABLE 6.5 : Effect of individual and cotibined in vivo 
stress of Cd & pH on HSIs of dry weight of 
M in 0. senex s enex ■ 

(Values/ expressed as grains, are mean + S.D. 
of 10 determinations). 

Control : 8.760 + 0.63 


Stress 


15 d 

Change % 
Control 

30 d 

Change % 
Control 

Cd 


9.212 

+ 5.2 

10,5 22 

+ 20.1 


± 

0.26 


+ 1.86 


pH 


9,300 

+ 6.2 

10.570 

+ 20.0 



0.40 


0 .66 


Combined 

(Conb) 


7.700 

1,54 

- 12.0 

8.000 

+ 1.35 

- 8.7 



TABr:iE__6._5_a J Comparison of means of HSIs of dry weight 
of M in 0, sen ex .senex with reference to 
stress conditions presented in Table 6 .5. 


Comparison 

P = 

793 

With 



CD s 

0.996 

of 

Cd 15 

pH 15 

Comb 15 

Cd 30 

pH 30 

Corrib 30 

c 

NS 

NS 

S 

S 

s 

NS 

Cd 15 

- 

NS 

S 

s 

S 

S 

pH 15 


- 

s 

s 

S 

s 

Corrib 15 

- 

- 

- 

s 

s 

s 

Cd 30 

- 

*- 


- 

s 

s 

pH 30 


tm 

- 

- 

- 

s 


£ =■ Significant at 5 % level; NS = Not Significant. 

CD Value was calculated according to the formula 
given in Table 3.1a. 



TABLE 6 .6 s Effect of individual and combined in vivo 
stress of Cd & pH on hydration level of M 
in 0, .senex senex . 

(Values/ ej^ressed as gramS/ are mean ± S.D. 
of 10 determinations) . 

Control : 8*250 + 0.54 


Stress 

15 d 

Change % 
Control 

30 d 

Change % 
Control 

Cd 

9.16- 

+ 18.3 

8.60 

+ 4.2 


± 1.04 


± 


pH 

10.50' 

+ 27.3 

8.30 

+ 0*6 


+ 0.65 


± 0.35 


Combined 

10.90 

+ 32.1 

10.03 

•f* 21 »6 

(Cortb) 

± 1.60 


± 




TABLE 6 . 6.a s Coup arisen of means of hydration level of 

^ 2* senex senex with reference to stress 

conditions presented in Table 


Comparison 

F a= 

765.73 

With 

- * - . 

CD 

= 1.152 

of 

Cd 15 

pH 15 

Corrib 15 

Cd 30 

pH 30 

Corrib 30 

C 

S 

s 

S 

NS 

NS 

S 

Cd 15 

- 

NS 

NS 

s 

S 

NS 

pH 15 

- 

- 

NS 

s 

s 

NS 

Corrib 15 

- 

- 

- 

s 

s 

NS 

Cd 30 

- 

- 

- 

- 

NS 

S 

pH 30 

- 

- 

— 



S 


S = Significant at 5% level; NS » Not Significant. 

CD value was calculated according to the formula 
given in Table 3.1a. 



TABLE 6 ♦XI s Tissue weight-specific hydration levels 
(wsh) in the chelate leg muscle (M) of 
2* s^nex senex under individual and com- 
bined in vivo regimes of Cd and pH . 

(Values, expressed as water (hydration) 
in g percent wet tissue weight, are 
calculated from the data given in tables 
6.4 and 6.6# 




Control ; 

48.5 


Stress 

15 d 

Change % 
Control 

30 d 

Change % 
Control 

Cd -treatment 

51.4 

+ 6.0 

44.9 

- 7.4 

pH- tr eatmen t 

53.0 

+ 9.3 

44.1 

- 9.1 

Combined 

treatment 

58.6 

+ 20.8 

55.7 

+ 14.8 



TABLE 6.7; 


Effect of individTial and combined vivo 
stress of Cd & pH on HSIs of wet weight of 
G in 0, senex senex . 

(Values, expressed as grams, are mean + S*D. 
of 10 determinations) » 


Control : 1,430 + 0.10 


Stress 


15 d 

Change % 
Control 

30 d 

Change % 
Control 

Cd 


1.343 

- 6.0 

2.500 

+ 74.8 



0.50 


+ 0.42 


pH 


1.550 

+ 8.4 

2.600 

+ 81.8 


+ 

0.20 


+ 0.16 


Combined 

(Corrib) 

+ 

1,560 

0.18 

+ 9.1 

1.415 

+ 0.20 

- 1.1 



TABLE 6.7a i Conparison of means of HSIs of wet weight 
of G in 0. senex senex with reference to 
stress conditions presented in Table 6.7. 


Comparison 

F = 

490 

With 


CD 

0.253 

of 

Cd 15 

pH 15 

Comb 15 

Cd 30 

pH 30 

Corrib 30 

c 

NS 

NS 

NS 

S 

s 

NS 

Cd 15 

- 

NS 

NS 

S 

S 

NS 

pH 15 

- 

- 

NS 

s 

S 

NS 

Comb 15 

- 

- 

- 

s 

S 

NS 

Cd 30 

- 

- 

- 

- 

NS 

S 

pi: 30 

- 

- 

- 

- 

- 

S 


. 



, ^ ^ ^ 

Urn i 



S = Significant at 5% level; NS = Not Significant. 
CD value was calculated according to the formula 
given in Table 3.1a. 



TABLE 6.8 ; Effect of individual and combined in vivo 
stress of Cd & pH on HSis of dry weight of 
G in 0. senex senex . 

(Values, expressed as grams, are mean S.D- 
of 10 determinations) . 

Control : 0.180 ± 0.015 


Stres s 


15 d 

Change % 
Control 

30 d 

Change % 
Control 

Cd 


0.190 

+ 5.6 

0.243 

+ 35.0 


+ 

0.067 


^ 0 .040 


pH 


0.200 

+ 11.1 

0.173 

- 3.9 


+ 

0.032 


+ 0.030 


Coirbined 

(Comb) 

+ 

0.231 

0.020 

+ 28*3 

0.203 

+ 0.0 14 

+ 12.8 



TABLE 6.8a : Comparison of means of HSIs of dry weight. 

of G in 0. Sen ex sen ex with reference to 
stress conditions presented in Tahle 6.8. 

P = 387.1 CD =. 0.0315 


Comparison 



With 




of 

Cd 15 

pH 15 

Corrib 15 

Cd 30 

pH 30 

Comb 30 

C 

NS 

NS 

S 

S 

NS 

m 

Cd 15 

- 

NS 

S 

S 

NS 

NS 

pH 15 

- 

- 

S 

S 

NS 

NS 

Comb 15 

- 

- 

- 

NS 

S 

NS 

Cd 30 

- 

- 

- 


s 

S 

pH 30 



- 

- 


NS 


S = Significant at 5 % level? NS = Not Significant. 

CD valne was calculated according to the formula 
given in Table 3.1a. 



table 6,9: 

Effect of 

individual and combined 

in vivo 


stress of 

Cd & pH on hydration level of G 


in 0. senex senex. 



(Values/ 

expressed as grams / are 

mean + S*D. 


of 10 detemi nations) , 




Control : 1,250 +0,09 


Stress 

15 d 

Change % , 

Conteol 30 a 

Change % 
Caitrol 

Cd 

1.154 

- 7.7 2.243 

+ 79,4 


+ 

+ 0 • 40 


pH 

1.360 

+ 8« 8 2 #400 

+ 92.0 


+ 0.13 

+ 0 . 15 


Combined 

(Conb) 

1.330 

+ 0.17 

+ 6.4 1.211 
± 0.20 

- 3.1 



1'ABIjE 6 .9ai Cortparison of means of hydration level of 

G in 0. senex sen ex with reference to stress 
conditions presented in Table 6.9. 


Comparison 

F = 

474.24 

^ 

with 

CD 

0-229 

of 

Cd 15 

pH 15 

Ccmb 

15 Cd 30 

pH 30 

Comb 30 

C 

NS 

NS 

NS 

s 

S 

NS 

Cd 15 

- 

NS 

NS 

s 

s 

NS 

pH 15 

- 

-» 

NS 

s 

s 

NS 

Corrib 15 

- 

- 

- 

s 

s 

NS 

Cd 30 

- 

- 

- 

- 

NS 

S 

pH 30 

- 

- 

- 


— 

s 


S ; Significant at 5 % level; NS i Not Significant. 

CD value was calculated according to the formula 
given in Table 3.1a. 



table 6>XII : Tissue weight specific hydration levels 

(WSH) in the gill of 0. senex senex under 
individual and combined in vivo regimes 
of Cd and pH, 

Values, expressed as water (hydration) in 
g percent wet tissue weight/ are calcu- 
lated from the data given in tables 6.7 
and 6.9. 

Control : 87.4 


Stress 

15 d 

Change % 
Control 

30 d 

Change % 
Control 

Cd- treatment 

85.9 

- 1.7 

89.7 

+ 2,6 

pH- treatment 

87.7 

+ 0.3 

92.3 

t 5 .6 

Combined 

treatment 

85.3 

- 2.4 

85,6 

~ 2.1 



cable 6 .10 ; Effect of individual and combined vivo 

stress of Cd & pH on HSIs of wet T^ight of 
in 0. senex senex ■ 

(Values, expressed as grams, are mean + S.D. 
of 10 determinations) , 

Control : 0.723 + 0.40 


Stress 


15 d 

Change % 
Control 


30 d 

Change % 
Control 

Cd 


3.34 

+ 362 


1.76 

+ 143 


± 

1,52 


± 

0.43 


pH 


1.07 

+ 48.0 


1.70 

+ 135 


± 

0.35 


± 

0.31 


Combined 


1.20 

+ 66-0 


0.55 

- 23.5 

(Conb) 


0.73 


± 

0.20 




table 6.10a ; Comparison of means of HSIs of wet weight 
of 0 in 0. senex senex v/ith reference to 
stress conditions presented in Table 6.10. 


F = 

68.4 



CD 

= 0.632 

Corap aris on 

... 

With 

... 


K mm mm 

Cd 15 

pH 15 

Comb 15 

Cd 30 

pH 30 

Comb 30 

c s 

NS 

NS 

s 

s 

NS 

Cd 15 

S 

s 

s 

s 

S 

pH 15 

- 

NS 

s 

s 

NS 

Comb 15 

- 


NS 

NS 

S 

Cd 30 

- 


- 

NS 

S 

pH 30 

- 

- 

- 

— 

s 


S = Significant at 5 % level; NS = Not Significant 

CD value was calculated according to the formula 
given in Table 3.1a. 



TABLE 6,11; 

Effect 

of individual 

and combined 

in vivo 


stress 

of Cd & pH on 

HSIs cf dry weight of 


0 in 0, 

senex senex . 




(Values 

/ e^cpressed as 

' grams ^ are 

mean ± 


S.D. of 

10 determinations) . 




Control : 0. 

,300 + 0.20 


Stress 

15 d 

Change % 
Control 

30 d 

Change % 
Control 

Cd 

1.42 

+ 374 

0.890 

+ 197 


+ 0*60 


+ 0.23 


pH 

0.500 

+ 66.7 

0.534 

+ 78.0 


± 0.18 


± 0.09 


Combined 

(Comb) 

0.,620 

i 0.34 

+ 107 

0.160 

i 0.08 

- 46.7 



TABLE 6.11a !! Comparison of means of KSIs of dry weight 
of 0 in 0. senex senex with reference to 
stress conditions presented in Table 6.11. 



F = 

73.6 



8 

H 

0e263 

Comparison 

of 

Cd 15 

pH 15 

With 

Comb 15 

Cd 30 

pH 30 

Comb 30 

C 

S 

NS 

S 

S 

NS 

NS 

Cd 15 

- 

S 

S 

S 

S 

S 

pH 15 

- 

- 

NS 

s 

NS 

s 

Corrib 15 

- 

- 

- 

s 

NS 

s 

Cd 30 

- 

- 

- 

- 

S 

s 

pH 30 

- 

— 


— 


s 


S = Significant at 5% level, NS = Not Significant^, 

CD value was calculated according to the formula 
given in Table 3.1a. 



table 6«12 £ Effect of individual and combined ija vivo 
stress of Cd & pH on hydration level of O 
in 0* senex s enex . 

(Values / expressed as grains^ are mean ± S*D. 
of 10 determinations) • 

Control : 0^425 + 0*22 


Stress 


15 d 

Change % 
Control 


30 d 

Change % 
Control 

Cd 


1.920 

+ 352 


0.880 

+ 107 


± 

0-94 


± 

0.21 


pH 


0.600 

+ 41.2 


1.150 

+ 171 


Hh 

0.20 


± 

0-22 


Combined 

(Con±)) 

± 

0.600 

0.40 

+ 41.2 

± 

0.400 

0.18 

- 5.9 



3 . 3 1 2 ^ s Comparison of means of hydration level of 
0 in 0* senex sen ex with reference to 
stress conditions presented in Table 6.12^ 

F = 63*14 CD = 0*378 


Comparison 


With 




Cd 15 

pH 15 

Comb 15 

Cd 30 

pH 30 

Corrib 30 

c s 

NS 

NS 

S 

S 

NS 

Cd 15 

S 

S 

S 

s 

S 

pH 15 

- 

NS 

NS 

s 

NS 

Comb 15 - 

- 

- 

NS 

s 

NS 

Cd 30 

- 

- 

- 

NS 

S 

pH 30 

• 



- 

s 


S = Significant at 5 % level; NS =* Not Significant. 

CD Value was calculated according to the formula 
given in Table 3 •la* 



Lg ,,6 » 1 V 2 Tissue weight.- specific hydration levels 
(VJSH) in the ovary (O) of O. senex senex 
under individual and combined in vivQ 
regimes of Cd and pH- 

Values expressed as water (hydration) in g 
percent wet tissue weight, are calculated 
from the data given in tables 6 #10 and 6*12- 

Control s 58 *8 


Stress 

15 d 

Change % 
Control 

30 d 

Change % 
Control 

Cd- treatment 

57.5 

- 2.2 

50,0 

- 15,0 

p H- tr e a tme n t 

56.1 

- 4.6 

61, e 

+ 18.0 

Combined 

treatment 

50.0 

- 15.6 

72.7 

+ 23.6 



TAgLE 6 . 13 : Changes ir the post-stress wet weight 

(PSWW) percent ante-stress wet weight 
(ASWW) of HP of 0. senex senex with 
reference to individual and combined 
(Comb) in vivo treatment with Cd & pH. 

(Values, expressed as grams, are mean 
S.D. of 10 determinations). 

HSI of normal = 8.01 + 0.932 


Treatment 


Somatic 

weight 

(Experi- 

mental) 


ASWW 

(Calcu- 

lated) 


Change 

PSWW post-stress 
(Actual) % 

ante-stress 


Cd 15 d 


41.4 


3.321 


1.490 

- 

54.4 



± 4.84 

± 

0.39 

± 

0.35 

± 

13.44 

pH 15 d 


27.7 


2.234 


1.286 


42.3 



+ 2.42 

± 

0.20 

± 

0.24 

± 

9.00 

Comb 15 

d 

24.3 


1.945 


1.220 

- 

37.8 



+ 2.06 

+ 

0.16 

± 

0.47 

Hr 

21.50 

Cd 30 d 


32.9 


2.640 


1.898 


27.5 



± 

+ 

0.13 

± 

0-64 

± 

31.30 

pH 30 d 


24.1 


1.950 


1.150 

- 

40.1 



+ 1.98 

+ 

0,16 

± 

0.15 

± 

12.66 

Corib 30 

d 

23.7 


1.820 


0.977 


48.0 



+ 1.87 

± 

0.31 

± 

0.36 

± 

23.00 



3 a s Ccmparison of means of changes in PSW - 

ASWW of HP of senex senex with refe- 
rence to stress conditions presented in 
Table 6.13. 


F 

Comparison 

= 53.08 

With 

- - - 

CD 

17.881 

Cd 15 

pH 15 

Comb 15 

Cd 30 

pH 30 

Corrib 30 

Cd 15 

NS 

NS 

S 

NS 

NS 

pH 15 - 

- 

NS 

S 

NS 

NS 

Corrib 15 - 

- 

- 

NS 

NS 

NS 

Cd 30 

- 

- 

- 

S 

S 

pH 30 

- 

- 

- 

- 

NS 




— MW. 

mm mm mm. 4mm 

^ ^ ^ ^ 


S = Significant at 5 % level; NS « Not Significant • 

CD valne was calculated according to the formula 
given in Table 3.1a* 



TABLE 6.14 : Changes in the post-stress dry weight CpSDW) 
percent ante- stress dry weight (ASDW) of HP 
of 0, senex senex with reference to indivi- 
dual and combined (Corrib) in vivo treatment 
with Cd & pH. 

(Values/ expressed as grams/ are mean + S.D. 
of 10 determinations) . 



HSI 

of normal = 

3.25 + 0.560 

Treatment 

Somatic 

weight 

(Experi- 

mental) 

ASWW 

(Calcu- 

lated) 

PSWW 

(Actual) 

Change 
post- stress 
% 

ante -stress 

Cd 15 d 

41.4 

+ 4.84 

1.355 

+ 0.16 

0.567 

+ 0.28 

- 56.5 

+ 24.68 

pH 15 d 

27.7 

+ 2.42 

0.905 

+ 0.08 

0.524 

+ 0.16 

- 41.6 

+ 19.60 

Corrib 15 d 

24.3 

+ 2.06 

0.800 

+ 0.065 

0.420 

i 0.262 

- 47-0 

+ 30.45 

Cd 30 d 

32.9 

+ 1.64 

1.073 

+ 0.05 

0.884 

i 0.40 

- 17.7 

+ 38.20 

pH 30 d 

24.1 

+ 1*98 

0.788 

+ 0.063 

0.412 

+ 0.073 

- 46.9 

+ 12.80 

Corrib 30 d 

23.7 
+ 1.87 

0.773 

+ 0,061 

0.320 

+ 0 • 2l5 

- 56.9 

+ 37.00 



table 6,14a ! Comparison of means of changes in PSDW % 
ASDW of HP of 0. senex senex with irefe- 
rence to stress conditions presented in 
Table 6.14. 


Comparison 

F = 31.46 

With 


CD a 

25.653 

Of 

Cd 15 pH 15 

Cotab 15 

Cd 30 

pH 30 

Corrib 30 

Cd 15 

NS 

NS 

S 

NS 

NS 

pH 15 


NS 

s 

NS 

NS 

Ccanb 15 


- 

s 

NS 

NS 

Cd 30 

- 



S 

S 

pH 30 

- 

- 

- 


NS 


S = Significant at 5 % level; NS : Not Significant. 

CD value was calculated according to the formula 
given in Table 3.1a. 



,§.r,A,§ Changes in the post-stress holohistontic 

hydration level (PSHHHL) percent ante-stress 
holohistontic, hydration level (asHHHL) of 
^ Sen ex with reference to indi- 

vidual and combined (Comb) vivo treatment 
with Cd &; pH. 

(Values, expressed as grams, are mean + S.D. 
of 10 determinations). 

KBI of normal = 4.76 + 0,760 


Treatment 

Somatic 

weight 

(Experi- 

mental) 

ASHHHL 

(Calcu- 

lated) 

PSHHHL 

(Actual) 

Change 

post-stress 

% 

ante-s tres s 

Cd 15 d 

41.4 

1,966 

0.920 

- 53.0 


± 4.84 

± 0-23 

± 0.22 

± 10.80 

pH 15 d 

27.7 

1.330 

0.763 

- 42.8 


+ 2.42 

+ 0.12 

+ 0.13 

+ 5.43 

Coitib 15 d 

24.3 

1.150 

0.800 

- 30.7 


+ 2.06 

+ 0.10 

+ 0.22 

± 16,81 

Cd 30 d 

32.9 

1.563 

1.014 

- 35.1 


+ 1.64 

+ 0,08 

+ 0.26 

± 17.66 

pH 30 d 

24.1 

1.162 

0.740 

- 35.4 


± 1.98 

+ 0.105 

^ 0.104 

± 14.13 

Comb 30 d 

23.7 

1,146 

0.657 

- 42,0 


+ 1.87 

± 0.091 

+ 0.136 

i 15.10 



TABLE 6. 15 a ? Coirparison of means of changes in PSHHHL 
% ASHHHL of HP of O. senex senex with 
reference to stress conditions presented 
in Table 6.15. 


F = 

Comparison 

101.27 

With 

^ ^ 

CD = 

12-495 

Cd 15 

pH 15 

Comb 15 

Cd 30 

pH 30 

Comb 30 

Cd 15 

NS 

s 

S 

s 

NS 

pH 15 

- 

NS 

NS 

NS 

NS 

Comb 15 - 

- 

- 

NS 

NS 

NS 

Cd 30 

- 

- 

- 

NS 

NS 

pH 30 

- 

— 

— 

— 

NS 


S = Significant at 5% level; NS s Not Significant. 

CD value was calculated according to the formula 
given in Table 3.1a. 



table 6 . 16 : 


Changes i •' post-»stress wet weight (PSWW) 
Percent ante-stress wet weight (ASWW) of M 
£• sen ex sen ex with reference to indi- 
vidual and combined (Comb) iji treats 

ment of Cd Sc pH, 



(Values, 

expressed as grams / are 

mean ± S.D. 


of 10 determinations) . 





HSI of normal 

= 17.02 + 

1.00 

Treatment- 

Scmatic 

weight 

(Experi- 

mental) 

ASWW 

(Calcu- 

lated) 

PSWW 

(Actual) 

Change 

post-stress 

% 

ante- stress 

Cd 15 d 

41.4 

+ 4.84 

7.076 

+ 0.79 

7.806 

+ 0.56 

+ 10.9 

+ 6. to 

pH 15 d 

27.7 

+ 2.42 

4.800 

+ 0.43 

5.473 

+ 0.33 

+ 14.6 
i 4.57 

Conib 15 d 

24.3 

+ 2.06 

4.133 

+ 0.35 

4.505 
± 0.35 

+ 9.2 

+ 3.71 

Cd 30 d 

32.9 

+ 1.64 

5.607 

+ 0.28 

6 . 276 

+ 0.55 

+ 12.3 

+ 9.60 

pH 30 d 

24.1 

+ 1.98 

4.099 

+ 0.34 

4.515 

+ 0.30 

+ 10.4 
± 4.30 

Conib 30 d 

23.7 

± 

4.065 

+ 0.31 

4.260 
± 0.45 

+ 4.6 

+ 4.71 



TABLE 6 >16 a: COTiparison of means of changes in PSWW % 
ASWW of M of O* sen ex senex with refe- 
rence ho stress conditions presented in 
Table 6*16. 


Comparison 

F = 

41.2 

With 

^ 

CD sr 

5.207 

of 

Cd 15 

pH 15 

Comb 15 

Cd 30 

pH 30 

Cocrib 30 

Cd 15 


NS 

NS 

NS 

NS 

S 

pH 15 

- 

- 

S 

NS 

NS 

S 

Comb 15 

- 

- 

- 

NS 

NS 

NS 

Cd 30 

- 


- 

- 

NS 

S 

pH 30 

— 



- 


s 


S « Significant at 5% level? NS =s Not Significant. 

CD value was calculated according to the formula 
given in Table 3 -la* 



TABLE.. 6. 17 ; Changes in post-stress dry weight (PSDW) 
percent ante-stress dry weight (asdw) of 
M of 0* senex senex with reference to indi- 
vidual and combined (Corrib) in vivo treat- 
ment with Cd & pH. 

(Values, expressed as grams, are mean + S.D. 
of 10 determinations). 



HSI 

of normal 

=r dtl6 + 0 

.630 

Treatment 

Somatic 

weight 

(Experi- 

mental) 

ASDW 

(Calcu- 

lated) 

PSDW 

(Actual) 

Change 
post- stress 
% 

ante-stress 

Cd 15 d 

41.4 

3.636 

3,812 

+ 4.8 


± 4.84 

+ 0.43 

+ 0.46 

+ 2.52 

pH 15 d 

27.7 

2.435 

2.565 

+ 5.6 


+ 2.42 

+ 0.21 

+ 0.20 

+ 4.50 

Comb 15 d 

24.3 

2.140 

1.890 

- 12.7 


± 2.06 

+ 0.18 

+ 0.50 

± 17.50 

Cd 30 d 

32.9 

2.913 

3.175 

+ 18.6 


+ 1.64 

+ 0.16 

+ 1.07 

+ 20.16 

pH 30 d 

24.1 

2.124 

2.530 

+ 19.1 


± 1.98 

+ 0.16 

+ 0.23 

+ 7.85 

Comb 30 d 

23.7 

2.090 

1.870 

- 9.9 


+ 1.87 

+ 0.16 

+ 0.25 

i 15.13 



^ ,, 7 §■ * Conaparison of means of changes in PsDW % 

ASDW of M of senex senex with refe- 
rence -to stress conditions presented in 
Table 6 •I?. 


Comparison 

F = 12.00 

With 

- 

CD = 

11*747 

of 

Cd 15 pH 15 

Comb 15 

Cd 30 

pH 30 

Comb 30 

Cd 15 

NS 

NS 

S 

S 

NS 

pH 15 

- 

NS 

S 

S 

NS 

CorrOo 15 

- 

- 

NS 

NS 

NS 

Cd 30 


- 

- 

NS 

NS 

pH 30 

• 

- 

- 

- 

NS 


S = Significant at 5% level; NS = Not Significant* 

CD value was calculated according to the formula 
given in Table 3 •la* 



* Changes in post-stress holohistontic hydra- 
tion level (PSHHHL) percent ante- stress 
holohistontic hydration level (aSHHHL) of ^ 

^^2* s^nex senex with reference to individn^ 
and combined (Comb) in vivo treatment with Cd & pH* 




(Values, 

expressed as 

grams , are 

mean + S.D* 



of 10 deteminations) 

• 




HSI 

of normal = 

8.25 + 0.540 

Treatment 

Somatic 

weight 

(Experi- 

mental) 

ASHHHL 

(Calcu- 

lated) 

PSHHHL 

(Actual) 

Change 

post-stress 

% 

ante-stress 

Cd 15 d 


41.4 

3.445 

4.009 

+ 17.3 



+ 4.84 

+ 0.36 

+ 0 . 21 

i 11,41 

pH 15 d 


27.7 

2,365 

2.907 

+ 23.7 



+ 2.42 

i 0.24 

+ 0 . 18 

+ 8.70 

CotOd 15 

d 

24.3 

2.000 

2.615 

+ 32.5 



+ 2.06 

± 0.17 

+ 0.16 

+ 19.42 

Cd 30 d 


32.S 

2.700 

2.801 

+ 5.0 



+ 1.64 

+ 0.14 

± 0.50 

+ 22.13 

pH 30 d 


24.; 

1.980 

1.989 

1.1 



+ l.$8 

+ 0.20 

+ 0.10 

i 6.70 

Corrib 30 

d 

23.'" 

1.974 

2.386 

+ 20.3 



+ 1.37 

± 0.15 

± 0.50 

± 18.40 



§ »18a * Comparison of means of changes in PSHHHL 
% ASHHHL of M of O. p^ enex senex wii::h 
reference to stress conditions presented 



in 

Table 6 

*18. 





F : 

:= 19.46 



CD = 

13.964 

Comparison 

of 

Cd 15 

pH 15 

With 

Corrb 15 

Cd 30 

pH 30 

Corrib 30 

Cd 15 


NS 

S 

NS 

S 

NS 

pH 15 

- 

- 

NS 

S 

s 

NS 

Conab 15 

- 

-- 

- 

S 

s 

NS 

Cd 30 

- 


- 

- 

NS 

S 

pH 30 

- 


— 


— 

s 


S =r Significant at 5 % level; HS == Not Significant. 

CD value was calculated according to the formula 
given in Table 3.1a. 



TABLE 6.19; 


Changes in post-stress wet weight (PSWW) 
percent ante-stress wet weight (A5WW) of G 
of 2* sen ex sen ex with reference to indi- 
vidual and combined (Corrib) ^ vivo treat- 
ment with Cd Sc pH. 

(Values, ei^ressed as grams, are mean + S.D^ 
of 10 determinations) . 

HSI of normal = 1*43 + 0.100 


Treatment 

Somatic 

weight 

(Experi- 

mental) 

ASWW 

(dalcu- 

lated) 

ASWW 

(Actual) 

Change 

post-sress 

% 

ante-stress 

Cd 15 d 

41.4 

± 

0.590 

± 0.070 

0.542 

+ 0.166 

* 5.8 

i 34.54 

pH 15 d 

27.7 

+ 2.42 

0.395 

+ 0.035 

0.430 

+ 0.045 

-f 8 #1 

^ 8 # 10 

Co..ib 15 d 

24.3 
± 2.06 

0.350 
± 0.029 

0.374 

+ 0-021 

+ 9.0 

± 12*60 

Cd 30 d 

32.9 
± 1.64 

0.470 

i 0.023 

0.813 

+ 0.143 

+ 73.2 
± 28.90 

pH 30 d 

24.1 
i 1.98 

0.343 
± 0.028 

0 .616 

+ 0.036 

+ 80.2 

+ 11.26 

mu 

Corrib 30 d 

23.7 

± l*®*^ 

0.340 
± 0.027 

0.335 
± 0.066 

- 2.2 

i 13.13 



6 * 19 a : Comparison of means of changes in PSWW % 
ASVM of G of 0* senex senex with refe- 
rence to stress conditions presented in 
Table 6.19 


Comparison 

F = 55.0 

With 


CD 

19.201 

of 

Cd 15 pH 15 

Comb 15 

Cd 30 

pH 30 

Comb 30 

Cd 15 

NS 

NS 

S 

S 

NS 

pH 15 


NS 

S 

S 

NS 

Comb 15 

- 

- 

S 

s 

NS 

Cd 30 

- 

- 


NS 

3 

pH 30 

— — 

— 

— 


S 


S = Significant at 5% level; NS == Not Significant. 

CD value was calculated according to the formula 
given in Table 3.1a. 



TABLE 6.20 ; Changes in post-stress dry weight (PSDW) 

percent ante-stress dry weight (i^JSDW) of G 
of 2* senex senex with reference to indi- 
vidual and cortibined (Corrib) vivo treat- 
ment with Cd & pH. 




(Values, 

expressed as 

grams are 

mean + S.D. 



of 10 determinations) 

• 




ESI 

of normal = 

0.180 + 0. 

015 

Treatment 

Somatic 

weight 

(Experi- 

mental) 

ASDW 

(Calcu- 

lated) 

PSDW 

(Actual) 

Change 

post-stress 

% 

ante-stress 

Cd 15 d 


41.4 

0.074 

0.076 

+ 5.3 



+ 4.84 

+ 0.008 

+ 0.022 

+ 37.10 

pH 15 d 


27.7 

0,050 

0.053 

+ 6.2 



± 2.42 

+ 0.004 

+ 0.010 

± 17.20 

Comb 15 

d 

24.3 

0.043 

0.056 

+ 28.7 



± 2.06 

+ 0.003 

± 0.005 

+ 10.43 

Cd 30 d 


32.9 

0.059 

0.080 

+ 34.7 



+ 1.64 

i 0.002 

+ 0.014 

+ 22,25 

pH 30 d 


24.1 

0.043 

0.041 

- 4.0 



+ 1.98 

± 0.003 

± 0.007 

± 15,40 

Garb 30 

d 

23.7 

0.043 

0,050 

+ 13.7 



± 1.87 

+ 0.t)03 

i 0.007 

+ 8.32 



table 6«20c^: CoiTparison of means of changes in PSDW % 

ASDW of G of 0, aenex senex with reference 
to stress conditions presented in Table 6.20. 


Comparison 

F = 10.7 

With 

— 

CD 

« 18.593 

of 

Cd 15 pH 15 

Corrib 15 

Cd 30 

pH 30 

Conib 30 

Cd 15 

NS 

S 

S 

NS 

NS 

pH 15 

- 

S 

S 

NS 

NS 

Comb 15 

- 


NS 

S 

NS 

Cd 30 

- 

- 

mm 

s 

S 

pH 30 

- 

- 

mm 

- 

NS 


S = Significant at 5% level; NS c Not Significant, 

CD value was calculated according to the formula 
given in Table 3.1a. 



TABLE 6«2l 2 Changes in post-stress holohistontic hydra- 
tion level (PSHHHLj percent ante-stress 
holohistontic hydration level (aSHHHI) of G 
of 0. senex senex with reference to indi- 
vidual and combined (Conib) in vivo treat- 
ment with Cd & pH. 

(Values, expressed as grams, are mean _± S,D. 
of 10 de terminations) 

HSI of normal = 1.250 + 0.087 


Treatment 

Somatic 

weight 

(Experi- 

mental) 


ASHHHL 

(Calcu- 

lated) 

PSHHHL 

(Actual) 

Change 

post-stress 

% 

ante-stress 

Cd 15 d 


41.4 


0.516 

0.465 

- 7.4 



+ 4.84 

i 

0.060 

+ 0.143 

+ 34.32 

pH 15 d 


27.7 


0.345 

0.374 

+ 8.2 



± 2.42 

+ 

0.030 

± 0.035 

± 11.15 

Comb 15 

d 

24.3 


0.303 

0.318 

+ 6.2 



+ 2.06 

+ 

0.026 

^ 0.022 

^ 13.9 

Cd 30 d 


32.9 


0.410 

0.734 

+ 79.0 



+ 1.64 

± 

0.020 

+ 0.136 

+ 31.70 

pH 30 d 


24.1 


0.300 

0,570 

+ 92.7 



+ 

± 

0.025 

± 0.030 

+ 11.70 

Comb 30 

d 

23.7 


0.296 

0.287 

- 3,8 



+ 1.87 

± 

0.023 

i 0.060 

+ 14.32 



TABLE 6.21a t Comparison of means of changes in PSHHHL 
% ASHHHL of G of 0. senex senex with refe 
rence to stress conditions presented in 
Table 6.21. 


Comparison 

F = 64.41 

With 

^ 

CD = 

19.363 

of 

Cd 15 pH 15 

Comb 15 

Cd 30 

pH 30 

Ccnib 30 

Cd 15 

NS 

NS 

S 

S 

NS 

pH 15 

- 

NS 

S 

s 

NS 

CotOo 15 


- 

s 

s 

NS 

Cd 30 

- 

- 

- 

NS 

S 

pH 30 


- 

- 

- 

S 


S = Significant at 5% level; NS = Not Significant. 

CD value was calculated according to the formula 
given in Table 3.1a. 



Ti^LE 6,22 ’’ Changes in post-stress wet weight (PSwVf) 
percent ante-stress wet weight (aSWW) of 
2* senex senex with reference to 
individual and combined (Corrib) in vivo 
treatment with Cd & pH. 

(Values, e3<pressed as grams, are mean + S.D. 
of 10 determinations). 

HSI of normal = 0.723 + 0.400 


Treatment 

Somatic 

weight 

(Experi- 

mental) 

ASWW 

(Calcu- 

lated) 

PSWW 

(Actual) 

Change 
post- stress 
% 

ante-stress 

Cd 15 d 

41.4 

0.302 

1.359 

+ 356 


+ 4.84 

± 0.035 

± 0,620 

+ 206 

pH 15 d 

27.7 

0.200 

0.288 

+ 47.2 


+ 2.42 

+ 0.017 

+ 0.077 

+ 48.40 

Comb 15 d 

24.3 

0.176 

0.277 

+ 64.7 


± 2.06 

+ 0.015 

+ 0.150 

± 100 

Cd 30 d 

32.9 

0.240 

0.582 

+ 145 


± 1-64 

+ 0 . 014 

+ 0.160 

60.6 

pH 30 d 

24.1 

0.174 

0.400 

+ 132 

+ 1.98 

+ 0.014 

^ 0.0 40 

i 42.63 

Cornb 30 d 

23.7 

0.172 

0.130 

- 25.5 


+ 1.87 

+ 0,014 

+ 0.051 

+ 26.55 



.T,ABLg,,.§,«22a: Canparison of means of changes in PSWW % 



Asvm of 0 

of 0. senex sen ex 

; with 

reference 


to stress 

conditions 

presented in 

, Table 6.22 


F = 33.85 



CD 

= 90.479 

Comparison 


With 




of 

Cd 15 pH 15 

Comb 15 ' 

Cd 30 

pH 30 

Conrib 30 

Cd 15 

S 

S 

s 

S 

S 

pH 15 

- 

NS 

S 

NS 

NS 

Comb 15 


- 

NS 

NS 

NS 

Cd 30 

- 

•• 

- 

NS 

S 

pH 30 

- 

- 

- 

- 

s 


S = Significant at 5% level; NS = Not Significant. 

CD value was calculated according to the formula 
given in Table 3 •la# 



6.23 : Changes in post-stress dry weight (PSDW) 
percent ante-stress dry weight (ASDW) of 
0 of 0, senex senex with reference to indi- 
vidual and combined 

(Values/ expressed as grafts# are mean'jt S*D. 
of 10 determinations). 

HSI of normal = 0,300 + 0,190 


Treatment 

Somatic 

weight 

(Experi- 

mental) 


ASDW 

(Calcu- 

lated) 

PSDW 

(Actual) 

Change 
post-s tress 
% 

ante -stress 

Cd 15 d 


41.4 


0.125 

0.580 

+ 370 



± 4.84 

+ 

0.015 

+ 0.246 

i 197 

pH 15 d 


27.7 


0.084 

0.133 

+ 63.26 



Hh 2*42 

i 

0.007 

+ 0.038 

+ 58.40 

Comb 15 

d 

24.3 


0.073 

0.141 

+ 100 



+ 2.06 

± 

0.006 

+ 0.070 

± 112 

Cd 30 d 


32.9 


0.099 

0.300 

+ 193 



+ 1.64 

+ 

0.005 

+ 0.085 

+ 80,0 

pH 30 d 


24.1 


0.072 

0.125 

+ 75.72 



± 1.98 

+ 

0.006 

+ 0.012 

± 32.7 

Coitib 30 

d 

23.7 


0.073 

0.036 

- 50.66 



+ 1-87 

± 

0.005 

+ 0.017 

± 24.73 



TABLE 6.23a i Comparison of means of ch^<g§s in P5DW 

% ASDW Of 0 of 0. senex senex with refe- 
rence to stress conditions presented, in 
Table 6.23. 


F = 37.3 

Comparison 

With 

- 

CD =: 

92.023 

of 

Cd 15 pH 15 

Comb 15 

Cd 30 

pH 30 

Comb 30 

Cd 15 

s 

S 

s 

S 

S 

pH 15 

- 

NS 

s 

NS 

NS 

Comb 15 

- 

- 

s 

NS 

NS 

Cd 30 


- 

- 

s 

s 

pH 30 

- 

- 

- 

- 

NS 

S = 

Significant at 

5% level; 

NS = 

Not Significant 


CD value was calculated according to the formula 
given in Table 3.1a. 



TAELE_6_j^: Changes in post-stress holohistontic hydra- 
tion level (PSHHHL) percent ante-stress 
holohistontic hydration level (ASHHHL) of 
0 of 0. sen ex senex with reference to indi- 
vidual and combined (Cornb) ^ vivo treatment 
with Cd & pH. 

(Values, expressed as grams, are mean + S.D. 
of 10 determinations) . 

HSI of normal = 0.425 + 0.219 


Treatment 

S omatic 
weight 
(Ej^eri- 
mental) 

ASHHHL 

(Calcu- 

lated) 

PSHHHL 

(Actual) 

Change 
post- stress 
% 

ante-sH 

Cd 15 d 


41.4 

0.177 

0.780 

+ 290 



+ 4.84 

+ 0.020 

+ 0.380 

± 205 

pH 15 d 


27.7 

0.116 

0.154 

+ 35.67 



+ 2.42 

t 0.011 

+ 0.042 

i 44.00 

Corrib 15 

d 

24.3 

0.103 

0.136 

+ 39.20 



+ 2.06 

+ 0.010 

+ 0.082 

± 93.67 

Cd 30 d 


32.9 

0.138 

0.293 

+ 112 



+ 1.64 

± 0.010 

+ 0.078 

+ 50.65 

pH 30 d 


24.1 

0.102 

0.273 

+ 171 



± 1*98 

+ 0.007 

+ 0.027 

± 49.50 

Corrto 30 

d 

23.7 

0.104 

0.095 

- 7-31 



+ 1.87 

J; 0.016 

± 0.046 

± 41.75 



TABLE 6.24a t Comparison of means of changes in PSHHHL 

% ASHHHL of 0 of 0. senex senex with refe- 
rence to stress conditions presented in 
Table 6.24. 


F = 19.42 

With 

Como an son 

- 

CD = 

98.531 

‘ of 

Cd 15 pH 15 Comb 15 

Cd 30 

pH 30 

Corrib 30 

Cd 15 

s s 

S 

S 

S 

pH 15 

_ - NS 

NS 

S 

NS 

Conto 15 

«« «• "** 

NS 

S 

NS 

Cd 30 

_ - - 

- 

NS 

S 

pH 30 

- - 


wm 

s 

S = 

Significant at 5% level; 

NS = 

Not Significant 


CD value was calculated according to the formula 
given in Table 3.1a» 



Piq. 6.1: Percent change in wet weight of 
hei^atopancroas (i'2^) of crabs at 
15 d and 30 d sub lethal treatnents 
v.rith Cd-, pH- and their corrbina- 
tior-al (Ccinb.) concentration statoo. 

Fig. 6,2: Percent change in dry \i;eight of 
iK^patopancreac (HP) of crabs at 
13 d and 30 6 sub lethal treatrnents 
v/ith Co--, pH- nncl C their c-^ihina- 
tlonal (Conb.) concentration states. 

Fig. C,3: Percent change in hydration level 
(HIlHL) of hepatopancreas (HP) of 
crabs at 15 d and 30 d sub lethal 
treatments with Cd-, pH- and their 
combinational (Comb.) concentration 
states . 

Fig, 6.4: Percent change in wet weight of muscle 
(H) of cralgs at 15 d and 30 d sub lethal 
treatments vith Cd-, pH- and their 
ccr.binational (Comb.) concentration 
states . 



DAYS OF 

EXPOSURE 


HP HHHL 

FIG«6 4 

M WET WT 







Fig. 6. 


Pig. 6. 


Pi q . f . 


Fig. • 


« Pprcent. changre in dry weight: of 
/ iA) of cr.-i'ns ai 15 d a'Hid 
3i} d lehr'll, treatments with 

Cm-, ph- and thoir combinational 
uC‘”)mb.) coriccntration states# 

65 Percent change in hydration level 
( of muscle (H) of cra-bs at 

1 d 30 d sublethal treatments 

^,^itn CC.-*, pH- and their ccrabina— 
t i cnal (Com}^ . ) concentration state 

7 * Percent change in -.jet weight of 

rC.il (C) of crai'S at 15 d and 30 d 
'n:blct!ial treatments with Cd-, 

^MC their combinational (Comb.) 

CO recent ration states # 

8^ Percr;i\t change In dry weight of 

gilJ (G) of crabs at 15 d and 30 d 
sublethal treatments with Cd-, p’d- 
and their combinational (Comb.) 
concentration s t a t e s . 





Fig. 6.9 : 


Fig. 


Fig. 


Fig. 


Farcent change in hydration level 
(HIC-IL) of gill (g) of crabs at 
15 d and 30 d sublethal treatments 
with Cd-/ pH- and their combina- 
tional (Ccmb.) concentration states. 

6.10: Percent change in wet v.^eight of 

ovary (O) of crabs at 15 d and 30 d 
sublothal treatments vrith Cd-, pH- 
and their combinational (Corrib.) con- 
centration states. 

6.11: Percent change in dry weight of 

ovary (O) of crabs at 15 d and 30 d 
sublethal treatments with Cd-, pH- 
and their ccmbinational (Comb.) 
concentration states. 

6 .12 5 Percen-h change in hydration level 
(liIiHL) of ovairy (0) of crahs at 
d and 30 d sublethal treatments 
with Cd— ^ ph— and their cQnbinational 
(Ccmfc#) concentration states* 












Fig, 6.l3i 


Pig. 


Fig. 


Pig. 


rdciograms showing percent change 
in wet ■'./eight of hepatopancreas 
(riP) of Cd-, pVI- and combinatioiially 
(Cornh.) intoxicated crabs at 15 d 
and 30 d s'ubl^thal trea'tmentG. 

.14: histograms shov/ing percent change 

in drg' weight of hepatopancreas 
(HF) of Cd~/ pH" and ccmbinaticually 
(Ccmb.) intoxicated crabs at l5 d 
and 30 d sublethal treatments. 


6.15: Histograms showing percent change 

in hydration level (HHHL) of hepato- 
r'ancreas (HP) of Cd-, pH- and c.otel'^i- 
nationally (Comb.) intoxicated crabs 
at 15 d and 30 d sublethal treatments. 


6.16; Histograms showang percent change 

in wet weight of muscle (M) of Cd-, 
pH- and combinationally (Comb.) intoxi- 
cated crabs at 15 d and 30 d sublethal 


treatments. 


= Cd 15 d ; 

= pH 15 d ; 

= Comb 15 d; 
KL =5 Normal line; 




= Cd 30 d 
= pH 30 d 


= Comb 30 d 


above NL (f) = incre- 


ment and belov 7 NL (— ) = decrement. 







Fig. 6.17: 


Histograms showing percent change 
in dri’ weight of irrascle (H) of Cd—/ 
pH- and combinationally (Comb.) 
intoxicated crabs at 15 d and 30 d 
sub lethal treatments. 

Fig. 6.18: Histograms showing percent change 

in hydration level (HHHL) of muscle 
’M) of Cd-, pH- and combinationally 
(Canb.) intoxicated crabs at 15 d 
and 30 d sub lethal treatments. 


Pig. 6.19: Hisijograms showing percent change 
in w6t weight of gill (G) of Cd-, 
pH- atd combinationally (Comb.) 
intoxicated crabs at 15 d and 30 d 
sub 1 e thal trea tmen t s 


Fig. 6.20: 


Histograns showing percent change 
in dry weight of gill (G) of Cd-, 
pH- and combinationally (Ccmb.) 
intoxicated crabs at 15 d and 30 d 


sul^lethal treatments, 
Cd 15 d 
= pH 15 d 7 
= Ccnib 15 d?| 



Cd 30 d 
= pH 30 d 
■= Conls 30 d 


ITL = Normal line; abova NL(+) = in- 
crement and below NL(-'; = decrement. 














Pig. 6.21' ' '.Ir tC'cjrans shewing percent change 

iii hy Irntion level (HHHL) of gill 
(C) oc Cd-, pH- end conbi nation ally 
(Cor'b.) int(.:'Xicated crabs at 15 d 
Qiid 30 d sublethal treatT'Onts, 

Fig. 6.22: Histograms showing percent change 
in v;t,t weight of ovary (0) of Cd-, 
pli- anci combinational ly (Conb.) 
intoxicated crabs at 15 d and 30 d 
sublethal treatments. 

Fig. 6.23: Histograms showing percent change 
in dry weight cf ovary (0) of Cd-, 
pH- and carbi nation ally (Com;:!.) 
intoxicated grabs at 15 d and 30 d 
sublethal treatments. 

Pig, 6.24: Histograms shewing percent change 
in hydration level (liHHL) of ovary 
(0) of Cd-, pH- and combinational ly;" 
(Comb.) intoxicated crabs at 15 d 
and 30 d sublethal treatments. 

Cd 30 d 
pH 30 d 
Comb 30 d 

HL =s normal line; above HL (+) = 
increment and below NL(-) = decrement. 










CHAPTER 71 - 


CALCUWTIONAL 

GRAVIMETRY 



ViC I INTRODUCTION 


In the preceding chapteral loca- 
tion (Chapter VI ) the aspect of 
histogravimetry has been exa- 
mined in seme detail. This 
examination has proven useful in revealing certain inte» 
resting trends of change caused by the stress ants in 
the 'tissue biology' of the organism. 

In the present chapteral location, a 'calcula- 
tional exercise' will be undertaken to examine the use- 
fulness of a new elucidation methodology which is named 
' calculative his tome try ' . 

This method in essence involves calculation of 
antestress weights of tissues in individuals, subjected 
to the different stress ant treatments. 


VIoG 2 MATERIAL AND 
METHOD 


The procedural steps regarding 
the preparation of the control 
and ej^perimental groups of 
crabs are given elsewhere. 


But, with regard to calculative histometry the method 


of stressing the organism will be a bit different. In 
the histogravimetry work, usually a batch (experimental/ 
control) is kept in an aquarium without any individual 
identification or locational demarkation. But m the 
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calculative histometric approach each individual is 
kept in a separate stressant container. Alternatively 
each individual crab is marked for identification losing 
water-proof pgint. The weights of the marked indivi- 
duals are recorded, prior to the moment of placing them 
in tile stres s ant-containers . These weights are desig- 
nated ante-stress somatic weights (asSW) , 

The individuals are allowed the given durations 
of stress and at the end of these durations (Viz., 
shorter stress-duration, 15 dps; longer stress -duration, 
30 dps) are sacrificed after their somatic weights are 
noted (the post-stress sanatic weight, PSSW) . Inciden- 
tally this approach of recording ASSWs and PSSWs imme- 
diately gives information about the influence of the 
stressant in question on the somatic weight status of 
the individuals. 

In the sacrificed organisms, post-stress, the 
tissues are isolated (as detailed in Chapter VI) and 
their weights are recorded (post-stress tissue weights, 
PSTW) . 

In another experiment, a batch of normal, un- 
stressed crabs is used for the determination of normal 
(?= control) histosanatic indices of the tissues. 
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The 'normal' HSI of a given tissue, divided into 
100, gives a factor, F. 

F = HSI/loO .. .. (1) 

This factor, when multiplied v/ith the ante- 
stress somatic weight gives the calculated ante-stress 
tissue weight (CASTW) . 

ASSW X P = CASTW . . . . (2) 


The difference between CASTW and PSTW gives 
more meaningful picture of change of the tissue-weight 
status under the s tress ant-regimes . 


CASTW PSTW = 


TW 


calc 


(3) 


(where '^^calc change in tissue weight 

obtained by calculative histometric approach) , 


The calculative histometric approach can be 
extended to the tissue -dry weight parameter and tissue 
hydration parameter. So much so, these parameters too 
will obtain additional elucidative perspective. 

•RS 



The changes in somatic 


9 ^ 


VI oC 3 RESULTS 
and statistically 


weights followed in indi- 
vidual organisms are small 
non-significant (Table 6.V)* 


It should be clear from these data that the 
somatic weight status of the organism is unaffected by 
the various stressant regimes. 


The results of the calculational gravimetric 
exercise carried on the tissues of O. senex sen ex sub- 
jected to diverse stressant media are tabulated in 
tables 5.13 to 6.24. The statistical treatment of 
these data are given in tables 6 .13a* . . -6 . 24a et sea# 

Tables 6.13 to 6.15 give the data for hepato- 
pancreatic tissue; cables 6.16 to 6*18 for the chelate 
leg muscle; tables 6.19 to 6.21 for gill; and 6.22 to 
6.24 for ovary. 

The parameters that have been examined earlier 
viz.r tissue wet weight, dry weight and hydration levels 
are once again been examined here# under calculational 
gr avi me tri c f ecus « 

One point that emerges from this examination 

is that calculational histometric approach yields 
essentially the same insights into the influence of the 
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stressants on the tissue weight status, as have been 
obtained according to the plain histogravimetric approach 
involving HSI determinations and normal and stress ant- 
treated organisms . 

The present sub-chapter 

VI oC 4 COMMENT is intended primarily to 

practice of 
introduce the concept and/ 

calculative gravimetry in the field of toxico-physiolo- 

gical and biochemical enquiry. 

That this exercise has not improved the insights 
obtained by histogravimetric enquiry may not detract 
from the value of this approach in this field of investi- 
gation, Especially, this calculative gravimetric app- 
roach allows One to ex mine, with a fair extent of relia- 
bility, the gravimetric drama of a tissue in a given 
individual under a given stress. Provided the index of 
the tissue in question is determined from a reasonably 
large and appropriate sample, one can use this approach 
to visualize tissue gravimetric drama without the spe- 
ctacle of statistics. 


-soOo:- 



TABLE 6. V i Changes in somatic weight, post-stress (PSSw) as compared to the antestress 
sanatic weight, of the crabs ej<posed to different stressant media. 
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les, expressed in grams, are mean + S.D.of 10 experimenrs . 
calculated students 't' test value; P = level of significant 
: Not Significant. 
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VII 1 


PREFATORY 


the earlier chapteral locations 
in this dissertation, the stressants 
pH and Cd have been visualised to 
cause alterations in the metabolic 
rate of the crab Oziotelphusa senex 
senex in severo and in combinatio . 
The scenario of the organismic meta- 
bolism under the stressant regimes 
has been found to be characterised 



by depression of oxygen consumption (Chapter III) which 
accords well with literature reports indicating depression 
of organismic metabolism as the general stress -induced 
'pathophany' (pathological show-up) . 

The Organic (Chapter IV) and macroinolecular cata- 
lytic (Chapter V) composition of the tissues of the crab 
under the stressant regimes appears to follov; this theme 
of 'tissue hypoxia' •» 

What is th$ metabolic profile of this hypoxia ? 

The stressatits cause changes in tissue metabolism, 
in different quantal dimensions in their individual and 
combinational regimes. Do the stressants in the combina- 
tional regimes exert influence over one another? In other 
words, do they 'interact' with one another in the modes of 
pathogeny? 

These and more questions may have agitated the 
mind of the reader as he has perused the data presented in 
the earlier chapteral locations. 

In this teminal chapteral location, efforts will 
be directed to build up a theme of pathophany which will 
satiate some if not all of the quests of the inquirer. 



CHAPTERULE VII 2 
DATAL RETRCSPECT 


In the crab 0. senex senex the 
stressants Cd and pH cause alte- 
rations in the levels of tissue 
biochemical components and macro- 
molecular catalytic potentiali- 
ties* They also lead to altera- 
tions in the weight and hydration 
profiles of the tissues . The data 
given in earlier chapteral loca- 



tions on these aspects of 'tissue biology' vis -a-vis 
the stressants are consolidated here, as a prelude to 
an in depth analysis of the implications of these 'data! 
details' (Table VII 2.1), 

From this vantage point, one may embark on the 
examination of several 'extractions' that result from 
a closer scrutiny of the datal retrospect. 

One such extraction pertains to certain ratio- 
relations between the biochemical and catalytic compo- 
nents of the tissues. 
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CHAPTERULE VII 3 

SOME PERCENTAGES 
AND RATIOS 


In the protein 
pools the solidole 

VII 3. A PROTEIN POOL and insoluble 

(structural) pro- 
tein fractions shpw different-. propor- 
tional relations in different tissuefe. 
These relations generally reflect the 
metabolic and physiological status of 
the tissues in question. 
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The stressant regimes appear to cause changes in 
these relations between tissue protein- fractions^ signify- 
ing their deep influence on the metabolic status or 'per- 
sonality' of the tissue. 

In the hepatopancreas^ gill and CTGM (cephalo- 
thoracic ganglionic mass) tissues of the crab/ the soluble 
protein fraction is of considerably larger size than the 
insoluble protein fraction/ vhereas in the chelate leg 
muscle tissue the reverse holds good (Table VII 3.2). 


TABLE VII 3.2 : The proportions of soluble protein (SP) 
and insoluble protein (ISP) fractions of 
total protein (TP) pool in the tissues 
of 0. senex senex , 


Tissue 

SP % TP 

ISP % TP 

HP 

81.5 

18.5 

G 

80.1 

19.9 

CTGM 

80.0 

20.0 

M 

32.6 

61. i 

Under the duress of the stress ants 

/ this 'balance 

between the protein 

fractions of the total 

protein pools 
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is upset to different degrees in different regimes . In a 
general way, the SP-fraction shows decrement in the * tissue 
group including HP^ G and CTGM and increment in the second 
tissue group comprising of the chelate leg muscle tissue 
(Tables VII 3.3, VII 3.4, VII 3.5 and VII 3.6). 


TABLE yil 3.3 : Changes in SPsISP percentages in the hepa~ 
topancreas of 0. senex senex under the 
different Cd and pH regimes . 

(Values computed from the data given in 


table VII 2.1) 


Stres s 

TP 

SP 

C 


221 

180 

Cd 

15 dps 

420 

218 

Cd 

30 dps 

330 

216 

pH 

15 dps 

2d1 

214 

pH 

30 dps 

382 

250 

Comb 

15 dps 

275 

216 

Comb 

30 dps 

315 

240 


ISP 

SP % TP 

ISP % TP 

41 

81.5 

18 ..5 

202 

51.1 

48,9 

114 

65.5 

34.5 

47 

81,9 

18.1 

132 

65.4 

34.6 

59 

78.5 

21.5 

75 

76.2 

23,8 



3.4 ; Changes in Spsisp percentages in the gill 
of 0- senex senex under the different Cd 
and pH regimes, 

(Values computed from the data given in 
table VII 2.1) . 


Stress 

TP 

SP 

ISP 

SP % TP 

ISP % TP 

C 



191 

153 

48 

80.1 

19.9 

Cd 

15 

dps 

250 

171 

79 

68.4 

31.6 

Cd 

30 

dps 

210 

123 

87 

58.6 

41.4 

pH 

15 

dps 

185 

151 

34 

81.6 

18.4 

pH 

30 

dps 

280 

215 

65 

76.8 

23.2 

Comb 

15 

dps 

246 

198 

48 

80.5 

19.5 

Comb 

30 

dos 

228 

150 

178 

45.7 

54.3 
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Changes in SPsisp percentages in the 
CTGM of 0. senex senex under different 
Cd and pH regimes . 

(Values computed from the data given in 
table VII 2.1) . 


Stress 

TP 

SP 

ISP 

SP % TP 

ISP % TP 

c 


150 

120 

30 

80,0 

20.0 

Cd 

15 dps 

400 

107 

293 

26.7 

73.3 

Cd 

30 dps 

202 

110 

92 

54.4 

45.6 

pH 

15 <%s 

300 

162 

138 

54.0 

46.0 

pH 

30 dps 

260 

230 

30 

88.5 

11.5 

Comb 

15 dps 

351 

136 

215 

38.7 

61.3 

Comb 

30 dps 

260 

250 

30 

89.3 

10.7 
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TABLE yi I 3.6s Changes in SPsISP percentages in M of 
0. senex senex under the different Cd 
and pH regimes. 

(Values computed from the data given in 
table VII 2.1) . 


Stres s 

TP 

SP 

ISP 

SP % TP 

ISP % TP 

c 



350 

114 

236 

32.6 

67.4 

Cd 

15 

dps 

250 

170 

80 

68.0 

32.0 

Cd 

30 

dps 

320 

166 

154 

51.8 

48.2 

pH 

15 

dps 

400 

188 

212 

47.0 

53.0 

pH 

30 

dps 

275 

215 

60 

78.8 

21.2 

Corrb 

15 

dps 

200 

185 

15 

92.5 

7.5 

Corrib 

30 

dps 

240 

'95 

45 

81.2 

18.8 


The increase in the proportion of soluble protein 
pool of muscle is remarkable and is more significant 
beyond mere implication in the enhancement of activity 
levels of several enzyme systems . Under both Cd and pH 
duresses, a dear 'fluidization' of the chelate leg muscle 
has been noted similar to the phenomenology occurring in 
the ecdysial state of the crustaceans (Skrnner/ 1966) and 
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the local scorpion Hetercmetrus fulvipes (Raghavaiah 
et al»/ 1976) , The comparison between the muscle of 0. 
senex senex under stressant-duross and the 'ecdysial' 
muscle (vide ut supra ) may however be not carried beyond 
the fact of fluidization. It has been noted elsewhere 
(chapter VT) that the histosoraatic index of muscle in- 
creases notably under toxicant stress in the present 
organism/ whereas in the 'moulting' muscle of the crab/ 
Gecarcinus lateralis (Shinner, 1966) and the scorpion 
U* fulvipes (Raghavaiah et ^./ 1976) considerable loss 
of muscle protein and decrement of HSI of muscle are 
noted. 


Besides the solid tissues, the fluid tissue, 
haemolymph shows compositional alterations in the extra- 
cellular (ECP) and intracellular (ICP) protein fractions, 
under the duress of the stressants (Table VII 3.7). 



S M k OiJ , , 3.2 = Changes in the ECP:ICP percentages in the 
haemolymph of 0. senex senex under the 
different Cd and pK regimes . 

(Values corrputed from the data given in 


table VII 2. 


Stress 

TP 

ECP 

C 



2534 

537 

Cd 

15 

dps 

2185 

410 

Cd 

30 

dps 

3137 

688 

pH 

15 

dps 

2260 

384 

pH 

30 

dps 

2714 

474 

Comb 

15 

dps 

2403 

372 

Comb 

30 

dps 

1964 

166 


I CP 

ECP % TP 

I CP % TP 

1997 

21.2 

78,8 

1775 

18.8 

81.2 

2449 

21.9 

78.1 

1876 

17.0 

83.0 

2241 

17.5 

82.5 

2031 

15.5 

84.5 

1798 

8.4 

91.6 


The proportion of ECP tends to decrease under the 
stressant regimes indicative of its participation to sane 
extent in the biochemical economy (or non-economy ?) 
obtaining under the duress of the stressants. 
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In the present work, data for two 

fractions of the tissue carbohy- 

VII 3.B CARBOHYDRATE drate pool are presented. One 
POOL 

pool comprises of carbohydrate 
precipitates along with protein when treated with 
the deproteinization agent, trichloroaceticacid (TCA) . 

This fraction has been named total acid-precipi table 
anthrone-positive substances and acronymised TAP APS. 

In the TCA-precipitation converse phase of the 
tissue viz., the TCA-extract, the second fraction of the 
carbohydrate pool is estimated. This fraction is called 
total acid-extractable anthrone-positive substances 
(TAEAPS) . This latter fraction is homologous to the 
total anthrone-positive substances (TAPS) -pool of tissue 
often found in literature (Scheer, 1959; Raghavaiah and 
Ramamurthi, 1978; Raghavaiah et al., 1978). The rationale 
for inclusion of TAPAPS- fraction in the quantitation of 
tissue's total carbohydrate reseirves (TCHR) is given else- 
where (Ramanaiah, 1978; Ramanaiah ^ 1982) and elabo- 

ration of the same will be extracontextual here. 

In the 'normal' unstressed tissues of the crab, 
the TAEAPS fraction constitutes the more predominent 
constituent of the total carbohydrate reserves (TCHR) 

(Table VIl 3,8), 
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TABLE VII 3.8; TAESPS:TAPAPS percentages In the TCHR of 
'normal* tissues of 0. senex senex » 

(Values computed from the data given in 
table VII 2.1) . 


Tissue 

TAEAPS % TCHR 

tapaps % 

HP 

74.4 

25.6 

G 

62.3 

11. 1 

CTGH 

65.6 

34.4 

H 

57.1 

42.9 

HL 

67.5 

32.5 


Under the stress ant regimes/ the TAB APS component 
is often subjected to diminution, so that its percentage 
status goes down, in the tissues. In the hepatopancreatic 
tissue, the TAEAPS percentage depression is felt under all 
regimes except the 30 dps combinational regime (Table 
VII 3.9). 
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3.9 ; Changes in TaEaPS :TaPAPS percentages in 
hepatcpancreas of 0. senex senex under 
different Cd and pH regimes. 

(Values computed from the data given in 
table VII 2.1) . 


Stress 

tchr 

TAEAPS 

TAP APS 

TAEAPS % 
TCHR 

TAPAPS % 
TCHR 

C 


39.1 

29.1 

10.0 

74.4 

25.6 

Cd 

15 dps 

33.7 

18.1 

15.6 

53.7 

46,3 

Cd 

30 dps 

28.7 

10.4 

18.3 

36.2 

63.8 

pH 

15 dps 

26.2 

12.6 

13.6 

48.1 

51.9 

pH 

30 dps 

27.1 

16.0 

11.1 

59.0 

41.0 

Comb 

15 dps 

22.2 

1 .4 

7.8 

64.9 

35.1 

Comb 

30 dps 

38.0 

32.0 

6.0 

84.2 

15.8 


In the gill tissue# the TAEAPS percentage depre- 
ssion is apparent under all the regimes except the 30 dps 
pH regime (Table VII 3.10) . 
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TABLE VII 3.10 ; Changes in TAEAPS sTAPAPS percentages in 
gill of 0. senex senex under different 
Cd and pH regimes . 

(Values conputed from the data given in 





table VII 

2.1) , 



Stress 

TCHR 

TAEAPS 

TAP APS 

TAEAPS % 
TCHR 

TAP APS 
TCHR 

c 



40,9 

25.5 

15.4 

62.3 

37.7 

Cd 

15 

dps 

24,7 

8.0 

16.7 

32.4 

67.6 

Cd 

30 

dps 

30.5 

17.5 

13.0 

57.4 

42,6 

pK 

15 

dps 

35.0 

14.3 

20.7 

40.9 

59.1 

pH 

30 

dps 

23.5 

15,0 

8.5 

63.8 

36.2 

Comb 

15 

dps 

20.5 

10.0 

10.5 

48,8 

51.2 

Comb 

30 

dps 

16.5 

8.2 

8.3 

49.7 

50.3 


In the cephalothoracic ganglionic mass (CTGM) of 
the crab/ the TAB APS percentage shows decrement of notable 
extent under shorter stress-duration regimes . Under 
longer stress-duration regimes/ this percentage appears 
to be restored to normalcy (Table VII 3.11). 
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— 3.11 ; Changes in TAEAPS-.TapAPS percentagesin 
CTGM of 0. senex senex under different 
Cd and pH regimes, 

(Values computed from the data given in 
table VII 2.1). 


Stress 

TCHR 

taeaps 

TAP APS 

taeaps % 

TCHR 

TAP APS 
TCHR 

C 



32.0 

21.0 

11.0 

65.6 

34.4 

Cd 

15 

dps 

29.3 

12.0 

17.3 

41.0 

59.0 

Cd 

30 

dps 

40.1 

24.6 

15.5 

61.3 

38.7 

pH 

15 

dps 

27.4 

13.0 

14.4 

47.4 

52.6 

pH 

30 

dps 

22.5 

16.5 

6.0 

73.3 

26.7 

Corrib 

15 

dps 

30.5 

10.5 

20.0 

34.4 

65.6 

Comb 

30 

dps 

18.3 

12.3 

6.0 

67.2 

32«8 


In muscle tissue also (Table VII 3.12), the TAEAPS 
percentage shows depression under shorter stress-duration 
regimes whereas an 'overshoot* of this percentage is 
generally evident under longer stress-duration regimes. 
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table VII 3,l2 i Changes in TaEAPSsTAPAPS percentages 
in the chelate leg muscle of 0, senex 
senex under different Cd and pH regimes, 

(Values computed from the data given in 
table VII 2.1) . 


Stres s 

TCHR 

TAEAPS 

TAP APS 

TAEAPS % 
TCHR 

TAPAPS 

TCHR 

c 


46.6 

26.6 

20.0 

57.1 

42.9 

Cd 

15 dps 

26.4 

10.4 

16.0 

39.4 

60.6 

Cd 

30 dps 

38.0 

15,6 

22.4 

41.1 

58.9 

pH 

15 dps 

38.0 

19.0 

19.0 

50.0 

50.0 

pH 

30 dps 

21.3 

14.3 

7.0 

67.1 

32.9 

Comb 

15 dps 

12.7 

6.3 

6.4 

49.6 

50.4 

Comb 

30 dps 

15.6 

10.2 

5.4 

65.4 

34.6 


In the haemolymph tissue of the crab, the TAEAPS 
percentage shows depression in individual regimes of Cd 
and pH and in the combinational regimes this percentage 
is elevated (Table VII 3.13) » 
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TABLE VII 3.13 : Changes in TAEAPS :TAPAPS percentages in 
haemolymph of 0, senex ' senex under diffe* 
rent Cd and pH regimes . 


(Values computed frcm the data given 
in table VII 2.1) . 


Stress 

TCHR 

taeaps 

tap APS 

TAEAPS % 
TCHR 

TAPAPS % 
TCHR 

c 


102.2 

69*0 

33.2 

67,5 

32.5 

Cd 

15 dps 

61.7 

32.7 

29.0 

53.0 

47.0 

Cd 

30 dps 

89.3 

47.6 

41.7 

53.3 

S6.7 

pH 

15 dps 

73.8 

42.9 

30.9 

64.9 

35.1 

pH 

30 dps 

87.3 

51.7 

35.6 

59.3 

40.7 

Conib 

15 dps 

107.7 

85.5 

22.2 

79.4 

20.6 

Como 

30 dps 

54,6 

3 / .3 

17.3 

68.3 

31.7 




In 

the tissues of the 

crab/ the 


components of ATPase system show 


VII 3.C COMPONENTS OF 
ATPase SYSTEM 


percentage relation which reflects 
on the tissue personality or 


tissue specificity of metabolism (Table VII 3.14). In the 
hepetopancrees and chelate leg muscle tissues, the non- 
Mg2+-KrPeSe conpcpent of the ATPase system predominates 
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Y^-^ , 3.14 : Percentage composition of components of 
ATPase system in the tissues of 0. senex 
senex . 

(Values computed from the data given in 
table VII 2.1) . 


Tissue 

Mg^'^’-ATPase % 
Total ATPase 

Non-Mg^UATPase 
Total ATPase 

HP 

44.2 

55.8 

G 

65.0 

35.0 

CTGM 

52.3 

47.7 

M 

32,2 

67.8 


whereas in the gill and cephalothoracic ganglionic mess 
tissues, the Mg -ATPase component predominates. Bet- 
ween these two tissue-groups, there exist succinct 
differences in the energetic patterns if the percentage 
canponent composition of ATPase system is any indication. 

Under the stress ant duress, the percentage com- 
position of Mg^'*’-ATPase canponent in the hepatopancreas 
tissue of the crab tends to be elevated, the jexception 
being 30 dps combinational regime (Table VII 3.15) . 
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VII 3.15. Changes in percentages of components 
of ATPase system of hepatopancreas of 

— * sen ex under different Cd and 

pH regimes. 

(Values computed from the data given 




in 

table VII 2, 

1). 



Stress 


Non- 

Mg^"^- 

ATPase 

T 

ATP as e 
% 

.ATPase 

Non- 

ATPase 

% 

T. ATPase 

c 


1.620 

0.717 

0.903 

44.2 

55.8 

Cd 

15 dps 

3.140 

1.530 

1.610 

48.7 

51.3 

Cd 

30 dps 

1.040 

0.563 

0.477 

54.1 

45.9 

pH 

15 dps 

1.700 

1.200 

0.500 

70.6 

29.4 

pH 

30 dps 

0.800 

0.453 

0.347 

56.6 

43.4 

Corrib 

15 dps 

1.780 

1.042 

0.738 

58.6 

41.4 

Comb 

30 dps 

4.010 

1.300 

2.719 

32.4 

67.6 


In the gill tissue of the crab, under Cd-regime, 
the shorter stress-duration shows elevation of Mg - 
ATPase percentage (from 65.0% in normal state to 76.9% 
15 dps) and the longer stress-duration, a depression 
(from 65.0% in normal state to 45.8% 30 dps) (Table 
VII 3.16). Under pH-regime, in the shorter stress- 
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VII 3.16. Changes in percentages of components of 
ATP as e system of gill of 0. senex senex 
under different Cd and pH regimes 

(Values canputed from the data given in 
table VII 2.1). 


Stress 

T.ATPase 

Mg2+. 
ATP as e 

Non- 

ATPase 

■ Mg^C 

ATPase 

% 

T.ATPase 

Non- ' 

Mg2+- 

ATpase 

% 

T.ATPase 

C 


0.922 

0.600 

0.322 

65.0 

35.0 

Cd 

15 dps 

0.550 

0.423 

0.127 

•76.9 

23.1 

Cd 

30 dps 

0.650 

0.298 

0.352 

45.8 

54. 2 

pH 

15 dps 

1.124 

0.730 

0.394 

64.9 

35.1 

pH 

30 dps 

0.400 

1.325 

0.075 

81.2 

18.8 

Comb 

15 dps 

1.000 

0.611 

0.389 

61.1 

38.9 

Comb 

30 dps 

1.650 

0.725 

0.925 

43.9 

56.1 


of 

duration, a very small depressiop/Mg*^ -ATPase percentage 
is evident, whereas in the longer stress-duration, a re- 
markable elevation of this percentage is noted (from 65% 
in normal state to 81.2% 30 ^s) . In the combinational 
regime, both durations of stress are associated with the 
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depression of Mg -ATPase percentage (from 65% in normal 
state to 61.1% 15 dps and to 43.9% 30 dps). 


^ 3.17 ; Changes in percentages of conponents of 
ATPase system of CTGM of 0. senex senex 
under different Cd and pH regimes. 

(Values ccjnputed from the data given in 
table VII 2.1) . 


Stress 

T. ATPase 

ATPase 

Non-Mg^'*'-. 

ATPase 

ATPase 

% 

T. ATPase 

Non-Mg^"^- 

ATPase 

% 

T. ATPase 

c 


0.254 

0.133 

0.121 

52.3 

47.7 

Cd 

15 dps 

0,285 

0.264 

0,021 

92.6 

7.4 

Cd 

30 dps 

0.183 

0.122 

0.061 

66.6 

33.4 

PH 

15 dps 

0.350 

0.330 

0.020 

94.2 

5.8 

pH 

30 dps 

0.185 

0.126 

0.059 

68.1 

31,9 

Comb 

15 dps 

0.263 

0.260 

0.003 

98,8 

1.2 

Ccmb 

30 dps 

1.301 

0.614 

0.687 

47,2 

52.8 


In the cephalothoracic ganglionic mass of the 
crab# the ATPase percentage (Table VII 3.17) is 

elevated in all regimes except 30 dps combinational 
regime. Especially# the elevations in the shorter stress' 
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durations of the regimes are astonishing (from 5 2.3% in 
normal state to 92.6% in Cd regime 15 dps; to 94.2% in 
pH regime 15 dps; to 98.8% in combinational regime 15 dps) 
The tissue's energetic state presimably undergoes re- 
markable shifts of a fundamental order under the stressant 
regimes . 


TABLE VII. 3. 18 ; Changes in percentages of components of 
ATPase system of chelate leg muscle of 
senex senex under different Cd and pH 
regimes . 

(Values conputed from the data given in 
table VII 2.1). 


Stress 

T. ATPase 

2-J- 

Mg'^'- 

ATPase 

C 


2.050 

0.535 

Cd 

15 dps 

2.730 

0.770 

Cd 

30 dps 

2.100 

0.520 

pH 

15 dps 

3.000 

1.300 

pH 

30 dps 

1.800 

1.100 

Comb 

15 dps 

1.740 

1.200 

Conib 

30 dps 

4.400 

1.530 


Non- 

2+ 

Mg^ - 

Non-Mg^"^- 

Mg2+- 

ATPase 

% 

ATPase 

% 

ATPase 

/o 

T. ATPase 

T. ATPase 

1.025 

32.2 

67.8 

1.960 

28.2 

71.8 

1,580 

24.8 

75.2 

1.700 

43.3 

56.7 

0.700 

61.1 

38.9 

0.540 

68.9 

31.1 

2.870 

34,7 

65.3 
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In the chelate leg muscle tissue too, the percen- 
tages of ATP as e-fractions are altered under stressant 
regimes (Table VII 3 . 18) . Under Cd-regime, the 
ATPase percentage is depressed whereas under the pH- and 
combinational regimes, the percentage is elevated. 


VII 3.D De RITIS 
QUOTIENTS 


The De Ritis quotients com- 
puted for the aminotransferase 
activities of the different 
tissues of the crab show alte- 


rations under the duress es of 
the stressants (Table VTI 3.19). In the cephalothoracic 
ganglionic mass, the quotient is subjected to elevation 
under Cd regime and depression under pH regime. In the 
combinational regime, in the shorter stress-duration, 
a rem.arhable elevation of the quotient is evident (frcsn 
1.5 in normal state co 3.113, 15 dps). In the longer 
stress-duration, the quotient is depressed. 


In the chelate leg muscle, the quotient is 
generally elevated under the different stressant regimes. 

In the hepatopancreas of the crab, the quotient 
is variably modified under the different stressant 
regimes. Under Cd regime, the modifications are of a 
small order- Under pK regime, the quotient is elevated 
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3a9 : De Ritis quotients of the aminotrans- 
ferases (aaT, AlAT) in the tissues of 
2* genex senex under different Cd and 
pH regimes. 

(Values conputed from the data given 
in table VII 2 .I) . 


Stress 

De 

Ritis quotient 

for 

mm mm 


CTGM 

M 

FP 

c 


1.500 

0.644 

1.527 

Cd 

15 dps 

1-763 

0.529 

1.600 

Cd 

30 dps 

2.221 

0.937 

1.560 

pH 

15 dps 

0.492 

0.783 

1.826 

pH 

30 dps 

1.192 

1.153 

1.071 

Comb 

15 dps 

...113 

0.769 

1.430 

Coirib 

30 dps 

1.337 

0.646 

1.363 


in the shorter stress-duration and depressed in the 
longer stress-duraoion. Under combinational regime# in 
both stress durations# the quotient is depressed. 

The variation in De Ritis quotient occurring 
in tissues of the crab under the duresses of the 
stressants underlines the point that the metabolism of 



aminoacids in particular and nitrogenous metabolism in 
general are deeply influenced by the stressants. 

Clearly the ' intergression points' between amino- 
acid metabolism and carbohydrate metabolism undergo 
'shifts' under stressant duresses. One can discern as- 
pects of stressant-specificity and tissue-specificity 
as well in the 'shifts' of 'metabolism intergression 
points ' . 

(1) The percentages of the two 
fractions of protein pools / the 
VII 3-E CHaPTERULAR soluble proteins (SP) and in- 

REfSUME soluble proteins (ISP) in the 

tissues of the crab? 0, senex 
senex show alterations under the different regimes of 
Cd and pK. The SP-percentage is generally depressed 
under the different regimes in the tissues of the crab 
with the exception of chelate leg muscle. This tissue- 
specific protein compositional trait of chelate leg 
muscle has been assigned a causal role in the 'fluidi- 
zation' of muscle under the stressant duresses. 

( 2 ) The percentag® statuses of the fractions 
o£ total carbohydrate reserves (TCHE) of the tissues, 
the total acld-extractable anthroha-positive substauoes 
(TJEAPS) and total aoid-preoipltable anthrone-positive 
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substances (TAP APS ) , undergo alterations in the tissues 

2* under the different regimes of Cd and 

pH. 


In general the percentage of TAEAPS is depressed 
in the tissues of the crab under the different stressant 
regimes indicative of the readiness with which this com- 
ponent of the TCHR participates in meeting the demands 
of tissues metabolism-in-duress . 

(3) The cQnponents of the ATPase system, viz., 
Hg^'^-ATPase and non-Mg^'^-ATPases show alterations in 
their percentage composition in the tissues of 0. senex 
senex under the different regimes of Cd and pH , 

These alterations give evidence for stressant 
and tissue specificities. The remarkable elevations of 

O4. 

Mg -ATPase component of the ATPase system in the shorter 
stress-durations in CTCM illustrates the tissue-specifi- 
city aspect. 

(4) The De Ritis quotients for the aminotrans- 
ferase activities, show tissue-specific alterations in 
the tissues of 0. senex senex under the stressant regimes. 
These alterations are considered to indicate the occurrence 
of 'shifts' of 'metabolism intergression-points ' between 
carbohydrate and amino acid metabolisms in the tissues 

of the crab under the stressant duresses. 



CHAPTERULE VII 4 

HOLOHISTQMETRIC 

PERSPECTIVE 


The datal retrospec- 
tive provided in 


VII 4. A 'KNOW-WHAT' 
OF HOLD- 
HISTOMETRY 


table VII 2.1 in- 
cludes the levels of 


bio- chemical consti- 
tuents in tissues of the crab, 0. senex 
senex / under different stressant regimes, 
expressed in relation to the weight of 
the tissue (‘weight-specific levels*}. 



Similarly, the table cited,gives data on the activity 
levels of enzymes in tissues, expressed into units of 
soluble protein of the tissues in question ('soluble 
protein-specific levels'). 

But then the tissues of the crab have been found 
to undergo alterations in their weight statuses, variably, 
under the different stressant regimes studied. Resonably 
this aspect has to be put in perspective while evaluating 
the effect of the stressants on the levels of biochemical 
constituents. Implication of the tissue weight status 
gives an additional elucidational dimension to the action 
of the stressants on the tissue biochanistry. 

Alteration of tissue weight under the duresses 
of stressants logically involves alterations in the size 
of the protein pool and soluble-protein component thereof. 
This point has to be given due consideration while evalua- 
ting the influence of the toxicants on the tissue enzyme- 
activity statuses. Thus the weight of the tissue gives 
one more dimension (or 'sub- dimens ion'?) for evaluation 
of stressant 'toxiccphany' • 

This approach involving the tissue weight has 
been found useful in several stress-situations in which 
organisms are placed. Especially when the stressants 
cause conspicuous alterations in scsmatic and histontic 
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(individual tissue) vjeight statuses, implication of this 
weight dimension appears to be imperative for obtaining 
a fuller insight into the influence of the toxicant can 
the organismic and tissue biology. 

In this crab, 0. senex senex this approach has 
been used to illustrate salinity stress and its influence 
on organic and tissue biology (Venkata Reddy, 1976). In 
the amphibious apple snail, Pila globosa , dramatic 
somatic and tissue weight reductions are found during 
induced aestival torpor stress and in this situation 
also implication of weight dimension has formed a useful 
elucidational tool in interpretation of aestivation in- 
duced tissue biochemistry and enzymo-metry (Chandra- 
sekharam, 1977) . 

The approach is called holohistometric (total 
tissue measurement) approach, since this involves measu- 
rement or calculation of weight-specific levels of bio- 
chemical constituents of a tissue into the total weight 
of the tissue. 


VII 4.B ‘DO-HOW' OF 

HOLOHISTCMETRY 


The approach of holohisto- 
metry is essentially calcu- 
lational. “^he histosomatic 
indices obtained for the 


different tissues are 


used for this purpose. 
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The weight specific level (WSL) of a biochenical 
constituent when multiplied with the histosomatic index 
(HSI) of the tissue will yield the quantum of the consti- 
tuent in the total tissue in 100 gram-heavy organism (i) . 

WSL . HSI = HHL .. .. (i) 

This quantum is named holohistontic level (HHL) 
of the constituent. 


For computation of the HHL of enzyme activities, 
the KHL of soluble protein (SP) of the tissue is employed 
as the multiplication factor. The soluble protein-speci- 
fic level of enzyme activity (SPSL) multiplied into the 
holohistontic level of soluble protein (HHLSP) gives the 
holohistontic enzyme If^vel (HHLE) (ii) . 


SPSL . HHLSP = HHLE .. (ii) 


Using the 'do-how' for holo- 
histometry given above 


VII 4.C HOLOHESTCMETRY 
IN CRAB UNDER 
STRESS ANT DURESS 


(VII 4.B) the data of VII 2.1 
are calculated into the total 
tissue weights in the crab. 


0- senex senex under the different stress ant regimes. 
Tables VII 4.20 to VII 4,22 provide the HHLs for the 
biochemical constituents in the tissues of the crab. 
Tables VII 4.23 to VII 4.25 give the holohistontic enzyme 



12G 


levels in the different tissues of the crab under the 
different stressant regimes. Table VXI 4.26 gives data 
for haemolymph for which an assumed haemolymph volume 
index (HLVI) is employed for arriving at total haemolymph 
levels of the organic constituents. The quanta and per- 
centage changes obtained from holohistometric approach 
may be compared with the data given in table VII 2.1 
providing the weight-specific estimations of organic con- 
stituents and soluble protein— specific levels of the 
activities of enzymes. 

In hepatopancreas, the constituents that under- 
go reduction in the weight specific esipression, show an 
accentuation of this change under 'holohistometric 
viev;' . The constituen-*- that show elevations in their 
weight specific expressions/ show 'de-elevatiai' of the 
change under holohistometric view. This is due to the 
fact that this tissue undergoes reduction in weight under 
different stressant regimes, to different degrees. 

In the chelate leg muscle tissue, which under- 
goes weight-increase under the different stressant 
regimes, a reversed situation is obtainable! i.e., 
holohistometric accentuation of increased weight- 
specific levels of the biochemical constituents and 
holohistometric de-depression of decreased weight- 
specific levels. 
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TAPLfe VII 4«22 i Holohistontic levels (HHL) of, organic constituents in chelate leg muscle 

of 0. senex senex under diffetent regimes of cd and pH. 

(HSIs used in computation of HHL: C ; 17.020; Cd 15 dps: 18.970; 

Cd 30 dps: 19.120; pH 15 dps: 19.800; pH 30 dps: 18.800; Ccmb 15 dps i 
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(CCLTD. TABLE VII 4.26) 
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Since the holohis tone trie perspective takes 
into consideration the 'totality of the tissue'^ it 
gives a more lucid picture of the levels of reserves — 
biochemical and biocatalytic — in the tissues of the 
organism under the duress in question. Thus this paves 
the way for a 'holoscopy' of the organismic biochemi- 
stry, facilitating vivid visualization of inter-tissue 
metabolic and metabolite transactions. 

One reading that can be made 
into the data holohistometri- 
VII 4.D 'TRENDOGRAPHY' cally derived is about the 

trends of change in the organic 
and enzymic (activity) composition of the tissue under 
different stressant regimes along exposure timescale. 

The data for changes in the levels of constituents noted 
at two exposure (stress) durations appear to fall into 
certain trendic categories and this categorisaticn is 
termed ' trendography' . The results of the trendographic 
exercise are given in fig. VII 4.1 and table VII 4,27. 

Por the cephalothoracic ganglionic mass of the crab/ 
holohistometry has not been carried out. Therefore, 
for this tissue/trends have been visualised for the 
weight specific levels (of organic conponents) and 
soluble protein-specific levels (of the enzyme activi- 
ties) (Table VII 4.28). 
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all, 10 trend-categories have been identi 
fied whose profiles are given in fig. VII 4.1, The first 
trend-category pertatins to a positive change in the level/ 


CPCL 

CPCL 

CPCL 

CPCL 

FIG. VII 4.1 TRENDOGRAMS : The acronyms of the trendo- 
grams are expanded in the text. CPCL 
represents 100% (centum per centum) line. 

activity of a component/activity which is progressive. Ele- 
vation 15 dps followed by still greater elevation 30 dps, is 
considered to belong to this category (Progressive elevation, 
EP) . The converse of this theme is considered as the second 
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trend- category (Progresiive depression, DP) . The third 
trend-category describes a positive (elevatory) change 
15 dps, waich is followed by almost nil change 30 dps 
(Elevation; complete recovery, ECR) . The fourth trend- 
category describes the changes which are the converse of 
changes under trend- category three (Depression; complete 
recovery, DCR) . The fifth and sixth trend-categories 
pertain to changes 15 dps which return to normality, 

30 dps, only partially. Trend-category five involves 
elevation (15 dps) and partial recovery (30 dps) (EPR) . 
Trend-catogory six involves depression (15 dps) and 
partial recovery (30 dps) (DPR) . In the assessment of 
recovery, 30 dps, a margin of 5% about the normal ( = 
control, 100%) value is taken as zone of no change. 

In trend-categc -y seven the 15-dps-elevation is 
followed by notable depression, 30 dps so much so that 
the trend- line dips uinder the normal line (Elevation, 
under-dip, EUD) . Trend- category eight describes changes 
which are converse of the trend-category seven. In this, 
the 15 dps depression, is followed by elevation 30 dps 
so that the trend line 'shoots' over the normal line 
(Depression, overshoot, DOS) . 

In trend-category nine, the level/ activity shows 
no change 15 dps (see above about the 'zone of no change'). 
At the longer stress-duration, an elevation is recorded 



and this 'late* elevation is included in trend-categoary 
nine (EL) . In trend-category ten/ nil-change 15 dps is 
followed by a good depression at the later (longer) 
stress-duration (De|>ression late/ DL) . 

In the trends of changes of protein pools of the 
tissues, elevation (E) happend to be the frequent tarendic 
component for gill, chelate leg muscle and cephalotho- 
racic ganglionic mass of the crab (0. senex senex ) . This 
trendic composition is shared by the three stessant 
regimes viz., Cd (in scvero regime), pH (^ severo regime) 
and the osambi national (in comblnatio regime). 

The effect of the stressants on the protein pools 
and therefore on the protein met^olism of these tissues, 
should be obvicxis. 

In the hepatopancreas and haemolymph on the other 
hand, depression appears as the greatest ccmmon trendic 
coirponent. Thus in these tissues, tine protein-pool 
depression, seems to be 'ordered' by the stressants under 
their metabolic presidency. 

One has to recognize, therefore, in the sub- 
somatic stage of the organism two opposite physiological/ 
biochemical propensities. One led by hepatopancreas and 
the other led by the chelate leg muscle. 
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Examination of tcendographic pictxxres of the 
other biochemical/enzYmic facets of the tissues vis-a-vis 
the stressant regimes will corroborate the propensities 
noted above. 

The levels of TNPS in hepatopancreas and haemo- 
lymph are characterized by the ' depres sive ' trendic ccxtv- 
ponent as against the 'elevatory' trendic component 
noted in gill, chelate leg muscle and cephalothoracic 
ganglionic mass. 

With regard to the total lipid pool of the * . • 

tissues, the situation become a bit different. In this 
case, chelate leg muscle and haemolymph cane to show 
elevation as the common trendic ccmponents . The other 
tissues, viz./ hep atop mere as, gill and cephalothoracic 
ganglionic mass show depression as the predominent 
trendic component. 

These lipid datal trends serve to highlight the 
role of haemolymph in lipid transport under stress (or, 
is it the role of haemolymph lipid in stressant detoxi- 
fication and transport, ai la metallothioneins ?) and 
the participation of the conponent in the metabolic 
milieu of muscle under the stressant duress. 

In the carbohydrate context, the tissue-specific 
p2ropensi ties visualised above become un— 
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palpable. All the tissues appear to be overwhelmed by 
depression as the trendic conponent. This observation 
underlines the point that the carbohydrate pools of the 
tissues are almost 'ritualist! cal ly' influenced (in the 
depression direction) by the stressant regimes. This 
trend of 'carbohydrate' consumption appears to be shared by 
the toxicants irrespective of the chemical functional 
taxonomy (Venkata Reddy, 1976; Bhagyalakshmi, 1981 and 
Balavenkatasubbaiah, 1985), This being the situation 
with regard to the total carbohydrate reserves (TCHR) of 
the tissues, the cephalothoracic ganglionic mass shows a 
queer trend of elevation of TAP APS fraction of TCHR 
(Table VII 4.28) as against depression of this component 
noted in the other tissues. Does it reflect any tissue 
specific compensatory or ' reservatory' mechanism ? 

The close involvement of TAPAPS fraction of TCHR 
is evident in all the tissues including CTGM. This indi- 
cates that under the metabolic presidency of the stressants, 
the TAPAPS -kinetic elements of metabolism are also influ- 
enced. Earlier/ the TAPAPS-kinetic machinery has been 
shown to be responsive to neuroendocrine principles in 
invertebrates like Laevicaulis alte (Ramanaiah et al»/ 

1982) . Now/ we have evidence for the mechanism being 
'responsive' to the stressant materials I It is possible 
that the TAPAPS-kinesis under the aegis of the stressants 
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xs mediated by neuroendocrine principles. Evidence is 
available for pesticide- superintendence on hyperglycae- 
mia caused by neuroendocrine principles in cr^ (Bhagya- 
lakshmi ^ 1982). 

The TAEAPS corresponds to the total anthrone- 
positive substances (TAPS), profusely reported in lite- 
rature (Me Whinnie & Scheer, 1958,* Meenakshi & Scheer. 
1961; Nowosielski & Patton. 1964; Dean & Vernberg. 1965; 
Ramamurthi. 1968; Ramamurthi & Veerabhadrachari, 1975; 
Vijayalakshmi & Kurup, 1976; Raghavaiah et 1978; 

Sub ram an yam, 1981; Pavankiomar et 1982; Subramanyam 

Sc Ramamurthi. 1982a; Subramanyam & Ramamurthi. 1982b) 
and the kinetic mechanisms of this component of TCHR. 
named classically 'glycolytic machinery' are too well 
known to be elaborated here. Literature insights into 
the influence of stressants on this ' TAPS-kinetic* 
machinery are also available aplenty (Kleinhcaz et al./ 
1950; Steele. 1963; Kulkarni, 1975) . 

In the trendographic picture of enzyme acti- 
vities in tissues of 0. senex sen ex under the stress ant 
regimes, the 'multistar' elevation-phenomenology noted 
for the aminotransferases deserves a special mention. 
The assignment of star is only an arbitrary approach 
without any literature parallel or corroboration. 
However, this approach has been found convenient to 



give a 'very special status' tag to this catalytic 
macromolecular system located at the 'metabolic-inter- 
gression points'. About the metabolic- intergression 
points and the aminotransferase system an elaborate 
mention is made else-where (see VII 3.D), 

The ATPase system of hepatopancreas is gene- 
rally depressed/ while one component of the system viz./ 
Mg^’^-ATPase is consistently elevated. Non-Mg -ATPase 
component of the system is consistently depressed. In 
this respect/ hepatopancreas resembles cephalothoracic 
ganglionic mass (CTGM) (Table VII 4.28) . While no 
significance can be attached to the depression of non- 
Mg^"^- ATPase component in hepatopancreas, in CTGM/ the 
depression of this component may have profound physio- 
logical significance. 

In muscle/ both components of the ATPase sys- 
tcm are signltioantly elevated and In the combinational 
regime, the non-Mg^'^- ATPase cOBiponent shows a four-star 
olevatlon 1 The functional significance of this 
allround elevation of activity of ATPase system should 
at once be apparent. For, such elevations will lead 
to depletion of the energy charge of the tissue, with 
serious, long-term implications in the histobiolcgy of 
muscle under stress ant duress* 
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All the dehydrogenases in the tissues share 
depression as the greatest common trend! c component 
except chelate leg muscle MDH (Table VII 4.27). This 
connotes the ‘gloom' of depression which takes over the 
dehydrogenase systems of the tissues and the depression 
of energetic status. This scenario accords well with 
the ATP- lysis prodigality indicated by elevated ATPase 
activity noted above. This picture of energetic gloom 
under the aegis of stressants agrees with the work of 
Kennicutt (1980) who finds depletion of ATP reserves as 
the most conspicuous (and, deleterious) impact of the 
stressants and toxins on the biological systems. 

The trendic profiles for dehydrogenases of the 
tissues of the crab, are characterised by depression as 
the predominant trendic component with the negative 
energetic implication emerging therefrom. One may add 
this to the • ATP-f rittering profile' noted above to get 
a full picture of the serious 'energetic crisis', which 
underlies the apparent 'sublethal' nature of the stre- 
ssant regime I 

Amidst this depressed dehydrogenase situation, 
the elevatory profile of muscular MDH stands out. What 
does the consistent elevation of MDH in muscle under 
the different regimes of Cd and pH indicate^? A com- 
pensatory mechanism ? These queries find no immediate 


solutions 
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The activity levels of AChE have been found to 
be elevated consistently in chelate leg muscle (Table 
VII 4.27) and a bit less consistently in the cephalotho- 
racic ganglionic mass of the crab. 


The immediate interpretational implication of 
this AChE-elevation is in the elevation of tissue exci- 
tability. And this physiological escalation in turn may 
contribute to the 'energetic drain' visualized above and 
mahe the metabolic strain on the organism still seriouser. 


a) The weight-specific levels 


VII 4.E CHAPTERULAR 
RE 'SUMS' 


of organic constituents, 
and soluble protein-specific 
levels of enzyme activities 


of tissues of 0. senex lenex under different Cd and pH 
regimes obtain additional illustrative, elucidational 
dimension when holohistometric is applied to them. 


b) Trendograms obtained from hoi ohis tome try iUus 
trate the changes oi the constituents and enzymes as a 
function of stress-duration. 


c) Interesting trendic pictures are obtained 
for the protein pcols of the tissues, with elevational 
«,hasis. ms elevational eophasls Is appreci*le in 

three tissues vis., giU- 
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thoracic ganglionic mass. On the other hand, the 
trendic profiles of hep atop an ere as and haemolymph are 
characterised by depression as the most common trendic 
component. 

d) The levels of TNPS, which include free amino 
acids shov/ depressional *trend'-ency in hep atop an ere as 
and haemolymph and elevatory 'trend'-ency in gill, 
chelate leg muscle and cephalothoracic ganglionic mass. 

e) The lipid pools of chelate leg muscle and 
haemolymph are elevated under the stressant regimes and 
those of hep a top an ere as, gill and cephalothoracic gan- 
glionic mass are depressed. 

f) The carbohydrate pools are generally depre- 
ssed in the tissues of che crab under the stressant 
regimes . 


g) The levels of aminotransferases of tissues 
are subjected to 'multi-starred' elevation under the 
stressant regimes. 

h) The ATPase system is diversly influenced 

in the different tissues of the crab under the stressant 
regimes « Tn the cephalcthoracic ganglionic mass and 
hepatopancreas, non-Mg^^-ATPase cemponent of ATPase 
system is depressed. 
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In muscle/ the ATPase system is subjected to 
remarkable elevation and the non-Mg^'*’- ATPase componoat 
shows four- star elevation. 

i) The levels of dehydrogenases are characte- 
rised by depression as the most common trendic component. 

j) The levels of AChE activity are elevated in 
chelato leg muscle and cephalothoracic ganglionic mass 
under the different stress ant regimes. 



CHAPTERULE VII 5 


SOMATIC HEIGHT: 
A CRITIQUE 


That the scmatic weight of the 
crah/ 0* senex senex is not signi- 
ficantly altered under the diffe- 
rent regimes of Cd and pH has been 
mentioned earlier (Chapter VI) . 

In other words# under the stressant 
regimes, at the hoi on tic (whole- 
organismal) level, there is an 
overall conservation of weight 
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status. Do the his togravime trie insights obtained in the 
present v/ork shed any light on this aspect of 'somatic 
gravistasis' occurring in the crab under different stressant 
regimes ? 

The total of HSIs of hepatopancreaS/ gill/ chelate 
leg muscle and ovary in the ‘control' (unstressed) cr^ 
equals 27.185 g (Table VII 5.29). 

TABL'D VII 5.29 ; Totals of vet HSIs of tissues of 

0. senex senex under the different 
strei5sant regimes, 

(Data taken from Table VII 2.1) 


Wet weight contributed by 

Stress Total 





HP 

0 

M 

0 


(g) 




(g) 

(g) 

(g) 

(g) 

•Ml 

c 



8.012 

1.430 

17.020 

0.723 

27. 

.185 

Cd 

15 

dps 

3.650 

1.343 

18.970 

3.34D 

27. 

.303 

Cd 

30 

dps 

5.800 

2.5Q0 

19.110 

1.760 

29. 

,182 

pH 

15 

dps 

4.450 

1.550 

19.800 

1.070 

26. 

,960 

pH 

30 

dps 

4.900 

2.600 

18.800 

1.700 

28. 

.000 

Carib 

15 

dps 

5.007 

1.560 

18.600 

1.200 

26. 

.367 

Garb 

30 

dps 

4.210 

1.415 

18.000 

0.550 

24. 

.175 
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The 'totals' of the four tissue-weights under different 
stress ant regimes do not vary much away from the 'control 
total except under Cd 30 dps regime where a good eleva- 
tion of the total is noted and under comb 30 dps regime 
where a good depression of the total is noted. These 
insights may suggest that somatic gravistasis involves 
a good degree of soft tissue weight conservation. 

In the crab/ the index of hepatcpancreas is 
remarkably depressed. The increases of HSIs of chelate 
leg muscle and ovary under different stressant regimes/ 
appear to compensate for the hepatopancreatic weight de- 
scalation mentioned. In certain cases an 'over compen- 
sation' is felt. For example/ under Cd 30 dps regime/ 
the chelate leg muscle and ovary show remarkable in- 
creases in their BSI status so that the total of the 
HSIs of the four tissues under this regime is greater 
than the corresponding value under control regime 
(C s= 27.188; Cd 30 dps: 29.182; Table VII 5.29). 

The totals of dry HSIs of the tissues (Table 
VII 5.30) also show similar weight conservation and com- 
pensation trends. 
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, 30 1 Totals of dry HSIs of tissues of 0. senex 
.y^'ier the different stressant 
regimes . 

(Data taken from Table VII 2.1) 


Dry weight contributed by 

Stress — Total 





HP 

G 

M 

0 

(g) 




(g) 

(g) 

Cg) 

(g) 

c 



3.250 

0.180 

8.760 

0.300 

12.490 

Cd 

15 

dps 

1.423 

0.190 

9.212 

1.421 

12.246 

Cd 

30 

dps 

2.700 

0.243 

10.522 

0.890 

14.355 

pH 

15 

dps 

1.900 

0.200 

9.300 

0.500 

11.900 

pH 

30 

dps 

1.750 

0.173 

10.570 

0.534 

13.027 

Comb 

15 

dps 

1.806 

0.231 

7.700 

0.620 

10.357 

Corrib 

30 

dps 

1.410 

0.203 

8.000 

0.160 

9.773 


The totals of water-somatic indices ("WSIs) of 
tissues (Table VII 5.31) illustrate 'conservation' of this 
coirplementary aspect of tissue wet weight. This trend of 
conservation of total of tissue weights (including the 
dry and hydrational conplements) visualised with four 
tissues of the organism in the present work, may safely 
be presumed to be prevalent in the other tissues of the 



Totals of water-somatic indices (wSIs) 
of 2* SQpex senex under the different 
stressant regimes. 

(Data taken from Table VII 2.1) 


Stress 


Water contributed by 





HP 

G 

M 

0 

Total 


mm 

mm mm tm 

(g) 

(g) 

(g) 

(g) 

(g) 

c 



4.760 

1.250 

8.250 

0.425 

14.697 

Cd 

15 

dps 

2.230 

1.154 

9.760 

1.920 

15.058 

Cd 

30 

dps 

3.100 

2.243 

8.600 

0.880 

14.835 

pH 

15 

dps 

2.730 

1.360 

10.500 

0.600 

15.090 

pH 

30 

dps 

3.160 

2.400 

8.300 

1.150 

14.957 

Corrib 

15 

dps 

3.200 

1.330 

10.900 

0.600 

16.030 

Corrib 

30 

dps 

2.500 

1.211 

10.030 

0.400 

14.412 



organism, so that this total conservation picture accounts 
for and accords well with the somatic weight conservation 
noted above under different stressant regimes. Thus, 
somatic weight status of the organism under the so called 
stressant regimes appears healthy ■ 
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But at the individual tissue level one may not 
fail to notice a deviation frcsn 'health' in the form of 
reduction of the size of hepatopancreas (see chapter VI) . 
This tissue being the 'central metabolic organ* in the 
organism, its weight-decrement should have deeper impli- 
cation in the ‘metabolic milieu' of the organism under 
toxicant duress . 

The somatic weight conservation 
or 'somatic gravis tas is' noted in 
VII 5. A CHAPTERULAR the crab, 0. senex sen ex under 
RE SUME different regimes of Cd and 

pH, appears to have contribution 
from the tissues that go into its organisation. Although 
this may denote the 'health' of the organism under toxi- 
cant duress/ individual tissue 'close-up' suggests the 
situation to be one of only * apparent health * 



CHAPTERULE VII 6 


INTERACTION OP 
STRESSANTS 


The work presented in 
this dissertation is 
VII 6. A prefatory aimed, amongst other 
GROUND things, to make a con- 
tribution towards elu- 
cidation of the phenomenology of interac- 
tion of stressants . But, in the earlier 
locations, this aspect has not been 
attempted to be elucidated. The reason 
for this omission is that the data on the 



weight-specific basis as presented in the earlier loca- 
tion of the thesis do not possess the additional ’eluci- 
dative dimension viz*, *holohistometric approach* • How 
that the data have been treated this way (see tables 
VII 4*20 to 26); the ground may now be deemed to be 
ready for the 'inspection* into the data to unearth the 
insights ^out interaction. Visualization of the pheno- 
menology needs an appropriate recasting of the holohisto- 
metric data. This involves placing of the changes under 
Cd, pH and combinational regimes side by side, so that 
interaction examination can be conveniently made. 

Table VII 6.32 provides such datal disposition. 


Classical interaction-descriptive terms like 
potentiation and antagonism appears to be applicable 
here only laconically. There are several shades of 
interaction in the data given in table VII 6.32 which 
are deviant from the definitions of potentiation and 
antagonism. Description of these shades require framing 
of appropriate phraseology. 


VII 6.B PHRASEOLOGY 

phraseography 


Amongst the data, one may 
find three modes: 

(l) Positive mode: This 
includes data in vbich 

variation under all the three regimes (i.e., Cd-, pH- 
and Comb- regimes) is on the positive or elevation side 

(POSI-MODE) . 
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2) Negative mode: This includes data in which varia- 
tion under the three regimes lies on the negative or 
depression side (NEGA-MODE) . 

3) Mixed mode: This includes data in which variation 
under the three regimes lies on both positive and nega- 
tive sides of the control (centum-per- centum) line 
(MIXO-MODE) . 

Under the three modes visualised above/ several 
shades of variation can be identified (Phraseology table- 
Table VTI 6.33). The phraseological nuanceS/ are graphi- 
cally denoted in the phraseographic diagram (Fig VII 6.2) 
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TABLE yi I 6.33: Phraseology table including positive 
mode (PCSIMODE) ^ negative mode 
(NEGAMODE) and mixed mode (MIXOMODE) 

A. POSIMCDE AND NEGMODE 


Trend 


Phraseology numbers in 
POSIMODE NEGAMODE 


a) Change lander Corrib 

regime less than the 
aggregate of changes 1 

under Cd and pH 

regimes 

b) Change under Corrib 

regime equal to the 
aggregate of change 2 

under Cd and pH 

regimes 

c) Change under Corrib 

regime exceeding the 3 

aggregate of changes 
under Cd and pH jregimes 

d) Change under ©orrib regime 

2- times the aggregate 4 

of changes under Cd and 
pH regimes 


5 


6 


7 


8 


CContd.) 
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table VII 6.33 (Contd) 

B . MIXOMODE 



Trends of 

changes under 

regimes 

P hr aS 6 ol ogy 


Cd 

pH 

Comb 

n-umber 

a) 

Elevation 

Elevation 

Depres si on 

9 

b) 

Depression 

Depression 

Elevation 

10 

c) 

Elevation 

Depression 

Depression 

11 

d) 

Depression 

Elevation 

Elevation 

12 

e) 

Elevation 

Depression 

Elevation 

13 

f) 

Depression 

Elevation 

Depression 

14 

g) 

Elevation/ 

Depression 

Elevation/ 

Depression 

*'Zero* % 
Change 

15 


*Zero Change or a deviation of 5 % about 
control line is taken as zero percent 
change for evaluation of trends 


The phraseology formulated 
above/ may now be applied to 
the tissue situations in the 
crab 0. senex senex under 
the stressant regimes. Thece 
phraseologic (and phraseographic) readings into the 
data given in table VII 6.32 are appended in that table 
itself as the terminal coluitti'. 


VII 6.G application IN 
THE PRESENT 
SITUATION 



OF n'^T FOR USE 

nsJu?s OF O Sfm^ the OiFFERENT 

regimes ^ UNDER DIFFERENT STRESSANT 


Ca) POSl- AND NEGAMODES 
r— — — ■- 


IRENO NOTATIOH 


POSJM OOE 


2 -«c X *i~ Y 


Z X + Y 


Z = n(X ir Y> 


NEGAMOOE 


— 

X = Ed, Y “ pH, lAPG ^ T' ." I " — 

_Z_=. Comb- ~ Icatapor J DEPICTION DEPICTION 




IXi 

X Y z 








X V z 

TTT 


X V z 


X Y z 


mn^ 1 

.1 

■ 11 I 

X Y Z * 




X Y Z 

"1 


HiKOHOOE 


TREND NOTATJON 
Cd, Y = pH 
Z= Comb, 



TREND TRANSLATION 
(In str«»sant tarms) 

CdE 

pHE 

Comb. O 

C4 0 

pHO 

Comb, E 

CdE 

pHO 

Comb O 

CdD 

pH£ 

Comb E 

CdE 

pHO 

Comb E I 

CdO 

pHC 

Comb D 

c-o 

PH^ 

Comb.^O"^ 
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A look-stretch at the interaction phraseographic 
(lAPG) readings into the data in table VII 6.32 may #on- 
vince the critical reader about the diversity of interac- 
tion and the absence of any consistency of interpretatory 
legibility. 

The 'posimode' and 'negaroode' phraseographic 
data illustrate interaction which is 'ipsophasic* (altera- 
tions under all regimes belonging to the same phase) and 
the mixomode data illustrate 'contraphasic* (alterations 
under the regimes falling under different phases) interac- 
tion. 


In the case of contraphasic interaction, the 
'interaction' in combinational regime, can be interpirete<i, 
basing on the phases und^r Cd- and pH- regimes vis-a-vis 
the phase under combinational regime. 

a) 'Phase-change* type of interaction: In this 
interaction, the changes under the individual (i.e., Cd 
and pH) regimes belong to one phase and in the combina- 
tional regime the change belongs to the opposite phase. 

Phraseographic categories 9 and 10 (Fig VII 6,2) 
belong to this tjge of interaction. 


b) ‘Phase-mimesis' type of interaction: In this 
interaction, the phase of change under tJic ocntolnational 
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regime mimicks the phase (of change) pertaining to one 
of the individual stressant regimes. This type of inte- 
raction is exemplified by the phraseographic categories 
11 to 14. 

c) ’Phase null' type of interactions In this 
interaction, irrespective of the phases of changes under 
the individual regimes of stressants, the change under 
the combinational regime happens to be ’nil’ or it falls 
into the 'null' range arbitrarily defined here (please 
see the asterisked foot note under table VTl 6.33). This 
type of interaction is exemplified by the phraseographic 
category 15. 

In the case of ip sip basic interaction, often the 
interaction is succinc-’-. This is exemplified by the 
interaction phraseographic (IAPG) categories 1, 2, 3, 5 
6 and 7 (Pig VII 6.2) . 

In the lAPG-Categories 1 and 5, there is a bit of 
'damping* of the effects of the stress ants in the combi- 
national regime. If X represents the quantum of effect 
under Cd regime, and Y, the quantum of effect under pH 
regime, then Z the quantum of effect under the combina- 
tional regime will be less than the cumulated quantum 
of effects of individual regimes (i) 


Z < X + Y 




(i) 
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In the lAPG-categories 2 and 6, both stressants 
r the effects ajre equally asserted' in the combina- 
tional regime. In other words, the quantxim of effect 
under the combinational regime equals the cumulation of 
the quanta of effects under the individual regimes (ii) 

2 = X + Y .. .. (ii) 

In the lAPG-categories 3 and 7, the quantum of 
effect under the combinational regime exceeds the cumu- 
lation of quanta of individual -regime-effects, but not 
'excessively' (see below) (iii) 

z X + Y .. (iii) 

Finally, in the I APG -categories 4 and 8, the 
quantitn of effect under the ccanbinational regime exceeds, 
'excessively' the cumulative quantum of indivtdftal-regime- 
effects. More specifically, the 'combinational effect' 
appears as a duple or a multiple of the cumulative 
quantim of individual-regime-effects (iv) 

Z = n (X + Y) .. (iv) 

The account given above may appear more as some 
odd theoretical reading, less germane to the subtitle 
of this section of the chapterule. But the account has 
to be that way: The absence of consistency of interac- 
tion trends has been mentioned above. Such an inconsis— 
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tency, naturally prevents one from developing a concise 
and cogent inteipretatory theme# In such a circmstance^ 
the approach of phraseological and phrase ographi cal 
theoreogenesis* has been adopted as an anaplerotic alte- 
rnative# With this phraseographic categorization back- 
ground, one may stop at each of the horde of interaction 
locations recorded in table VII 6,32 and have an individual 
interpretatory look at it. 

However much the lAPG-record circumstances in 
table VII 6.32 may look inconsistent, the critical eye 
may not fail to notice some bright 'spots' consistency 
amongst these data. 

1) Hepatopancreatic TCHR (total carbohydrate 
reserves) data and TAEAPS (total acid-extractable 
anthrone-positive substances) belong to the phraseo- 
graphic category 5, under both temporal regimes (15 dps 
and 30 dps) . The negative (negamode) ipsqphasic interac- 
tion in these cases is the 'damping' influence of the 
combinational presence of the stressants Cd and pH, as 
ccmpared to the individual regimes of the stressants. 

2) The hepatopancreatic dehydrogenases show the 
general pattern of incidence of lAPG-category 11 in the 
shorter stress-duration regime and lAPG-category 13 in 
the longer stress-duration regime. Thxis, in the 
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HP-dehydrogenase situation/ the depressive pict^ire of 
combinational regime in shorter stress-duration is 
replaced by elevatory picture in the longer stress- 
duration. In other words, the combinational regimes of 
Cd and pH depress the dehydrogenase system during 
shorter-term exposures and elevate this system during 
longer-term exposures, 

3) The total ninhydrin-positive substances (TNPS) 
of the branchial tissue (gill) of the crab belong to the 
lAPG-category 1. In this tissue, this constituent under- 
goes elevation in both stressant regimes, during both 
temporal durations. In the combinational regime, the 
elevatory effect is ‘damped* to a considerable extent. 

In other words, the quantum of combinational 'elevatory* 
effect in both temporal durations on the TNPS pool of 
gill is considerably smaller than the cumulation of the 
quanta of elevatory effects under the Cd and pH regimes 
in Severn . 

4) The branchial total acid-precipi table 
anthrone-positive substances (TaPAPS) belong to the lAPG- 
category 9 in their interaction profiles . This catego3ry 
stands for elevation of the constituent under both in 
severo Cd- and pH- regimes. In the combinational regime, 
this elevatory effect is replaced by depressory effect. 



In other worxis^ the combinational regime of the stre- 
ssants functions as a 'mobilizer* or 'metaholizer' of 
the TAPAPS-component of TCHR pool of this tissue. 

5) The adenosine triphosphatase (ATPase) system 
of branchial tissue shows the general pattern of belong- 
ing to I APG— category 11 in the interaction profile. 

This category includes changes of negative direc- 
tion under Cd-regime and changes of positive direction 
under pH-regime. In the combinational regime a pH-effect 
mimesis is noted, ThuS/ under the combinational regime/ 
the negative effect of Cd-regirae is suppressed and the 
positive effect of pH-regime is ejipressed. 

6) The succinate dehydrogenase activity of bran- 
chial tissue belongs to lAPG-category 14 in its interac- 
tion profile. In this case, the Cd-regime causes nega- 
tive effect on the activity of SDH and pH-regime/ a posi- 
tive effect. In the combinational regime/ a Cd-effect 
mimesis is evident. In other wcrdS/ in the combinational 
regime/ the positive effect of pE-regime is suppressed 
and the negative effect of Cd-regime is expressed. 

7) In the chelate leg muscle tissue/ the soluble 
protein component of total protein pool belongs to the 

1 in its interaction profile. I^his is an 


lAPG-category 
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interaction involving 'damping* of individual-regime- 
effects in the combinational regime. Thus, in this 
tissue, this biochemical component is Influenced by the 
stressants Cd and pH in the combinational regime, where 
they 'shed* to a considerable extent their individual 
tissue— ISP— augmentative influences, so that the net 
effect under the combinational regime is considerably 
less than the cumulation of the effects of Cd and pH 
in severe. 

8) The total lipid pool (TL) of chelate leg 
muscle belongs to lAPG-category 12 in the interaction 
profile under both shorter and longer stress-durations. 

In this case, the Cd-effect is negative. The pH-effect 
is positive. In the combinational regime, positive 
effect is noted (pH-eftect-ndmesis) . The interpreta- 
tory ground is obvious. 

9) The total carbohydrate reserves (TCHR) of 
chelate leg muscle belong to lAPG-category 7 in the inte- 
raction profile. In this negamode profile of lAPG, the 

effect of ccxnbxnational regime is greater than 
the cumulation of the negative effects of the individual 
stress ant regimes. 

10) The activity of alanine aminotransferase 
(AIAT) of chelate leg muscle belongs to lAPG-category 1 



in the shorter stress-duration regime and lAPG-category 3 
in the longer stress-duration regime. 


The posimode 'damping' type of interaction in the 
shorter stress-duration stands for one type of interac- 
tion and the posimode 'augmentative' type of interaction 
in the longer stress-duration stands for a different type 
of interaction. 

2 + 

11) The activity levels of total ATP as e and Mg - 
ATPase of chelate leg muscle show lAPG-category pattern 
including incidence of category 1 in the shorter stress- 
duration and category 3 in the longer stress-duration. 

These parameters, thus, show 'damping' type of interaction 
profile in the shorter stress-duraticn and 'excessory' pro- 
file in the longer stress-duration. 


12) Succinate dehydrogenase activity of chelate 
lag muscle belongs to lAPG-catagory 10 in the str.ssant 
interaction profile. The individual regimes are associated 
„ith notable depressions of the levels of entyme activity. 

• a.- 1 r^rrime there is switchover to posi- 

In the combinational regim , 

.p activity modification, that too, to 

mode phase of enzyme activ y 

.p This ohase in combinational regime 

a remarkable extent. This pna 

, ^iscle may be contrasted with 'negamode 
of chelate leg muscle may 

modulation met with in this regime for this enzyme in 
hepatopancreas and branchial tissue. This contras 
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the leg muscle out fron the other tissues - a 'touch' 
of tissue personality or tissue specificity. 

13) The acetylcholine esterase (AChE) activity 
of chelate leg muscle belongs to lAPG-category 1 in both 
longer and shorter stress-durations. There is a consi- 
derable quantum of 'damping' of posimode effects of the 
stressants Cd and pH in ccmbinational regime. 

Besides these lAPG-category readings, which 
involve only 'mild' ‘interactions' in the combinational 
regime, there are two instances in which the interactions 
are not mild: In the combinational regimes, in these 
instances, the quantum of effect is a multiple of the 
cumulative quanta of effects under severo regimes. 

The instances are (1) 15 dps soluble protein content in 
the branchial tissue and (2) 30 dps LDH-activity of the 
same tissue. In the case of the former parameter, the 
interaction belonqs to lAPG— category 4 and in the case 
of the latter, the lAPG-category is 8. 

These instances may be taken as potentiatory 
interactions qualifyii^P for application of the teiiii 
* synergism' . 

What general category the mulUtude of inter- 
actions or the lAPG-categories elaborated above belong 
to, is left to the 'phrontistery' of the critical reader- 


fraternity. 
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The action of Cd on the various facets of orga- 
nismic biology and biochemistry is reported by several 
workers. Some works pertain to human and mammalian his- 
topathology and physiological toxicology (Severi/ 1896; 
Prodan, 1932; Wilson et ^./ 1941; Schroeder et al . > 

1965; Lewis et 1969; Giliuly^. 1970; Nilsson/ 1970; 

Stowe ^ 1972; Itokawa/ 1973; Wald et 1974; 

Nomiyama/ 1975; Nechay and Saunders, 1977; 1978; Nogawa 
ot al./ 1979; Tanicfuchi et jl., 1979) while others per- 
tain to submaramalian toxicology (Gardner and Yevich, 1970; 
Sangalang and Freeman/ 1974; Christensen, 1975; Larsson, 
1975; Koyama and Itazawa, 1977; Piavaux, 1977; Johansson 
and Larsson, 1978; Tucker, 1979) . Other works provide 
insights into the detoxification mechanisms available 
for offsetting the toxic influence of metals like Cd by 
a ’stow-away' mechanism of 'metal binding' (Siebers and 
Ehlers, 1978; Briggs, 1979; Pecon and Powell, 1981). 

Similarly, the 'numerical' toxicology of pH 
(Parsons, 1968; Sutchliffe and Carrick, 1973; Aimer 
et al., 197 Grahm ^ 1974; Hendrey and Wright; 

1975, 1976; Karuppasainy/ 1979; Hoback and Radd'Xinv,, 1980; 
Parent and Cheethaiu, 1980; Okland^ 1980; Raddiro^ 1980; 
Miller and Mackay, 1980; Murthy ^ ad., 1981a, b; 

Walton ^ 1982; Mastanamma, 1984) and the physio- 

logical and biochemical toxicology of pH (Calabrese, 
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1969; Savita Samant and Agarwal, 1977; Mastanamma, 

1984) have been worked out in sane detail. 

But these research readings put together may 
not be of any particular help in interpretation of 
interaction phenonenology in the present organism. 

In the organism no interaction phenomenon has 
been found to be of reasonable consistency tissue«-wise/ 
enzyme-vase or organic-constituent-wise. In such a 
’ loose-ground' the points of profiles of interaction 
can be identified with sane difficulty. 

The phenomenon of potentiation which denotes an 
intense interaction between the stressants has been 
noted in too few instances to be of any interaction- 
clarification help. 

The antagonistic interaction is^ on the other 
hand, instanced as numerous hazy-profiled pictures. 
Except the I APG- categories 7 and 8, all the other lAPG- 
categories recorded in the present work can be included 
under the broad uitibra of antagonism. 

One reassuring point from the organismic sur- 
vival angle is essentially the absence of any serious 
interaction between the stressants considered above. 

But then this reassurance can only be of a small avail 
as the reader will note in a suceeding chapterule. 




1. Intetaction between the strer 
ssants Cd and pH in their com- 

VII 6.D CHAPTERULAR binational regime is visualized 

RE'SUME' 

in the different organic compo- 
nents and enzyme-activity levels in the tissues of the 
crab, 0, senex senex. 

2. A special approach of phraseology and phra- 
seography has been evolved here to identify the inter- 
action phenomena in the tissues of the organism, 

3. Instances of classical synergistic inter- 
action are available in only two locations (viz,, iif 
case of soluble protein content, 15 dps and LDH-activity, 
30 dps, of the branchial tissuel. 

4. Other interaction phraseographic categories 
( I APG- categories) recorded in the present work can be 
included under the broad umbra of antogonistic inter- 


action. 



CHAPTERULE VII 7 
SOME CORRELATIONS 


The preceding chap- 
terule has given the 

VII 7. A PREFATORY picture of the atJsence 

of consistent inter- 
action profiles between the stressants in 
the tissues of 0. senex senex. But, it 
can be said in a general way that the 
three regimes (including Cd, pH and the 
so-callo'i interaction regime, the combi- 
national regime) share between them 



modulatoirY (enzyme activity) and modificatoiry (organic 
component level) influences of conparable magnitude* 
This is one aspect* 


The second aspect is contained in the following 
interrogative: Does there exist any ’interaction*! 
cause-and-effect relation or some such phenomenology 
between the different components ^ constituent and cata- 
lytic machinery of the tissues underlining modxxlatlons 
and modifications caused by the stressant regimes 


The above-noted interroga-' 
tive forms the action-cau&e 

VII 7.B THE CORRELATIONS 

i) TCHR AND SDH for examination of the phe- 

nanenon of covariation bet- 
v^en different conponerts and machineries at ’svb- 
histontic' (at the intra-tissue) level and its statis- 
tical quantification. 


Tables VII 7.34/ 35 and 36 provide results of 

such ‘statisticoscopic' examination. 

In hepatopancreas (Table VII 7.34), branebial 
tissue (Table VII 7.35) and the chelate leg muecle 
(Table VII 7.36), a negative covariation haa been 
iaentifiea between the activity of succinate aehyiro- 
genase, th.e Inaicator encyae for the Krebs cycle 
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'^ADLE yil 7 » 34i Study of covariation between TCHR and 
SDH in hepatopancreas of 0. senex 
sen ex with reference to the different 
regimes of Cd and pH, 

(Data for analysis taken from tables 
VII 5.20 and VII 5.23) . 



Regime 

TCHR 

SDH 

Cd 

15 dps 

123,0 

1218 

pH 

15 dps 

118.9 

324 

Comb 

15 dps 

111.2 

288 

Cd 

30 dps 

166.4 

834 

pH 

30 dps 

132.8 

523 

Comb 

30 dps 

160.0 

303 

C 


313.0 

397 


- - 0.355; NS 


activity and the total carbohydrate reserves (TCHR) of 
the tissues. The correlaUon coefficient obtained free 
the statistical covariation analysis for the tissues 
arc in the following decreasing order: M(r . -0.43) 
HP(c= -0.355) G(r= -0.115). In all the three cases. 


however. 


the ’r‘ values have not been found to be 


statistically significant. 



, Y£j- .... ? . »35 : study of covariation between TCHR and 
SDH in gill of 0. senex senex with 
reference to the different regimes of 
Cd and pH. 

(Data for analysis taken from tables 
VII 5.21 and VII 5.24) . 


Regime 

TCHR 

SDH 

Cd 15 dps 

33.1 

118 

p” 15 dps 

54.3 

234 

Cor.h 15 dps 

32.0 

169 

Cd 30 dps 

76.3 

105 

n;: 30 dps 

61.1 

372 

Comb 30 dps 

23.3 

318 

C 

58.5 

215 


r = - 0.115 NS 


Wliat is the meaning of this negative co-variation 
between SDH and TCHR especially in the cases of HP and M 
in which the ‘r* values are more pronounced than in the 
case of G T That the depression of SDH is associated 

. „ nn of TCHR is the plain inference that 

with the conservation or xurm x f 
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TABLE VII 7.36 ; Study of covariation between TCHR and 
SDH in muscle of 0. senex senex with 
reference to the different regimes of 
Cd and pH, 

(Data for analysis taken from tables 
VII 5.22 and VII 5.25) . 


Regime 

TCHR 

SDH 




Cd 15 dps 

501 

348 

pH 15 dps 

752 

744 

Corrb 15 dps 

236 

1050 

Cd 30 dps 

726 

508 

pH 30 dps 

401 

214 

comb 30 dps 

281 

2176 

C 

793 

823 



draw from covariation. This inference 

, d «ith the observation made elsevAere 

may be juxtapose rit;-i't'ive sub- 

W. acid-extractable anthrone-posxtive sub 

that the total aciu 

• rsf the TCHR pool of tissues 
. fTAEAPS) fraction of the lu p 

T-b mf out excessively under the different stressant 

111 Vide Chapter XV,. bees it not reflect 

regimes (please 
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a ' conrrocnsation' by one fraction of the TCHR for the 
Iocs suffered by one of the fractions'? Such inhe- 
rent compensatory mechanisms undoubtedly aid the 
Organ! om/suborganismal components in playing down the 
toxic influence of stressing elements. 


The cause-and-effect relation 
between the amino tranf erases 
VII 7.i-'(ii) TAT AND TNPS and the total ninhydrin posi- 
tive substances (TNPS) has 

been mentioned in an earlier context (see Chapter V) . 
T’h..-' aminotransferase relative activity (ATRA ® The 
ratio between AAT activity and AlAT activity) or the 
Do I<itis cjuotient undergoes significant alteration 
under the different stressant regimes/ suggesting in- 
fluence of the stres Sants on the ’metabolism intergre- 
3 slon points' (see Chapterule VII 3) . Since both the 
aminotransferases are concemea with the metabolism of 
amlnoaoids, an examination of relation, if any, bet- 
ween the total aminotransferases activity (TAT) and 
TNPS pool which includes the free amino acids of the 
tissue will be in order (Tables VII 7.37 and VII 7.36) 


in hepatqpancreas, a negative covariation picture 
is obtained (r = -0.46; Table VII 7.37) whereas in tbe 
ease of chelate leg muscle a positive covariaUon ■ , 



les 


picture emerges (r - + 0.074, ■ Table VII 7.38). The data, 
prilua Facie, may reflect on a basic 'personality* diffe- 
rence between the two tissues with regard to the mode of 


7«37 » Study of covariation betvjeen TAT and 

TNPS in hepatopancreas of 0. senex senex 
with reference to the different regimes 
of Cd and pH. 

(Data for analysis taken frcm tables 
VII 5.20 and VII 5.23) . 



Regime 

TAT 

TNPS 

Cd 

15 dps 

5174 

1048 

pH 

15 dps 

1373 

3087 

Cora’ ' 

15 dps 

2629 

1051 

Cd 

30 dps 

2118 

1456 

pH 

30 dps 

7111 

1490 

Comb 

30 dps 

5252 

1587 

C 


2059 

1833 


= - 0.48 

NS 



modific£.tion of TSPS pool vis-a-vis total aminotrans- 
ferase activity. In hepatopancreas, the negative co- 
variation beteeen TAT and TUPS speaks for the 'negative 
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'ABLE VI I 7,38: 

— y f covariation between TAT and 

TNPS in chelate leg muscle of 0. senex 
senex with reference to the different 
regimes of Cd and pH. 

(Data for analysis taken from tables 
VII 5,22 and VII 5.25) . 


Regime 

TAT 

TNPS 

Cd 1:, dps 

6521 

8062 

pH 15 dps 

4406 

6534 

Cor± 15 '‘rs 

7914 

3050 

Cd 3G dp's 

4133 

5736 

pH 37 dps 

13056 

8009 

Co: b 30 ops 

11584 

10170 

rt 

1981 

5446 

r = + 0.(174 

NS 



role nlayed by the enjyme-qoirplejnent in mentiott on the 
level of the organic cOnponent in question in the tissue 
under intorpretation-focus* 
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plement 


n the case of chelate leg muscle, the TAT com- 
appears to play a less negative role in the area 


of WlPS-level modification, if not, 
tativG role. 


a vehemently augmen- 


In the absence of further ana more incisive 
experimental evlaence, the cause anS effect correlation 
botvxion Ihl ana WPS in the tissues in question may not 
bo cx^miined in fuller perspective. 


The enzymes, succinate dehydro— 

VII 7.?(lii) SDH MD adenosine tri- 

T.ATPase phosphatase (ATPase) are the 

primary catalytic signpos-ts 

notifying intra-organismal and intra-histontic (inside 
the individual tissue) energetic state. Examination of 
these signposts under stressant regimes has proven inter- 
prctationally useful (see Gliapterules Vli 5 and VII 6), 
Examination of these ‘signposts' and their ele-dep 
(elevation-depression) nuances under the different 
stressant regimes, in 'tabular' proximity (Tables 
VII 7.39 to VII 7.41) may prove more useful. 


In the case of hepatopancreas (Table VII 7.39) 
and branchial tissue (Table VII 7.40), the covariation 
bctv«cn these 'enzymic signposts' is found to be nega- 
tive (hepatopancreas: r r -0.142; branchial tissue: 



on the con- 


r = -0.208). In the chelate 
trary, a positive covariation 

Table VII 7,41). 


leg muscle^ 
Is found ( 


r 


+0.63,* 



TAIT.E VII 7 .^Q. c^,,. . 

y covariation between hepato- 
pancreatic SDH and T.ATPase in O. senex 
£enex with reference to the different 
regimes of Cd and pH. 


(Data for analysis taken from Table 
VII 5.23). 


Regime 

SDH 

TiATPase 

Cd 15 dps 

1218 

2499 

pH 15 dps 

324 

1652 

Comb 15 dps 

288 

1926 

Cd ivl dps 

834 

1303 

pJi 30 dps 

523 

980 

Comb 30 dps 

303 

4050 

C 

397 

2336 

r * —0.142 

MS 



This ccntrast in covariation profile between 
chclatc log muscle on the one side and hepatopancreas 
and branchial tissue on the other side serves to provide 
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'ABLE VII 7.40- 

“ ~ ^ ^ covariation between branchial 

SbH and T.ATPase in 0, senex senex with 

reference to the different regimes of 
Cd and pH, 


(Data for analysis taken frcan table 
VII 5.24). 


Rc 

gime 

SDH 

T.ATPase 

Cd 

15 

dps 

118 

127 

P- 

15 

dps 

234 

263 

Com 

15 

dps 

169 

309 

Cd 

30 

dps 

105 

200 

I’u: 

30 

dps 

372 

224 

Cor ID 

30 

dps 

318 

350 

C 



215 

202 


r s -0.20S NS 


onv more highlight to the physiological and biochemical 
specificities which have been touched at several earlier 
locations in this dissertation. 

In hepatopancreas and branchial tissue, the 
relation between SDH and ATPase system, statistically 
characterized by negative correlation, may be described 
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TA'-'lE VELI 7.41; 

study of covariation between chelate 
leg muscular SDH and T.ATPase in 0, 
senex senex with reference to the 
different regimes of Cd and pH. 

(Date for 

analjsis__ taken_ frcM t;^l® 3^1 

5.25K_ , 


SDH 

T.ATPase 

C'l 15 dps 

348 

8804 

pH 15 dps 

744 

11166 

Cad' 1" dps 

1050 

5987 

Cd 70 dps 

508 

6665 

pH. '-iC dps 

214 

7276 

Corh 31 dps 

:s: "f 

2176 

823 

0.63 NS 

15444 

3220 


as fattcr-relaUon. .TPase bein, .TP-leveL-aecreasing 
alevation Xeada to aeple^cn o. Usaue-ATP 
.esepves. SDH - tX. KPeDs cycle activity maacato. 

onty..c, through Ita aep«ssicn under condxtxon c a 

renders the energetic eituataon 
vaticn of Al!Pase sy / means an 

, 3 since depression o£ this eneya® means an 

more serious, sine v «4 4 -„a+.ion 

, Qf ji^TP-genesis . Such a 
overall depression o 



■y incidence in the two tissues which are at two inpor- 
tant 'metabolic gateways' ~ renders the whole-organismal 
metal die status under the stressant regimes, more shaky. 


i e situation of chelate leg muscular energetics 
’..'ll... p<^sitive covariation between SDH and T.ATPase should 
interpn.-tably be healthier under the toxic regimes of 
stressants. This 'trait' of muscle may render it less 
pervious to the energetic depression overtaking the other 
ti-^sues of the organism under "the stress ant-duress. 


;i 7.1 (iv) AChE MJD 


Nai-Mg^'‘'~ATPase 


The special physiological 
personality profile of 
excitability of muscular 
and neural tissues is 
known to be under lied by 

the characteristic esterase, acetylcholine esterase (AChE) 
The other enzyme, playing equally important role in sus- 
taining tie excitability of these two tissues is Na'*’— 
.MT'ur’e, Do the data of the present work on crab's tissues 
throw any light on the relationship between this duo of 
Gxcitability-state-maintenance^nzyme-agen-ts (ESMEA) ? 

In both chelate leg muscle (Table VII 7.42) and "the 
cephalothoracic ganglionic mass (Table VII 7,43), one 
gets fairly convincing evidence for a 'working' rela- 
tion between 'ESMEA' duo. In the case of "the cehalo— 



Study of covariation between AChE 
and non-Mg^'^-ATPase of chelate leg 




muscle of 0, senex senex with refe- 
rence to the different regimes of 

Cd and pH. 



(Data for analysis taken from table 
VII 5.25). 

Regime 

AChE 

Non-Mg^'^-ATPase 

Cd 15 

hps 

235425 

6321 

pM 15 

dps 

234486 

6327 

Corb 15 

dps 

128005 

1857 

Cd 30 

dps 

323748 

5015 

pi: 30 

dps 

105496 

2830 

Cc:rb 30 dps 

261846 

10074 

n 

■w 


69840 

2182 


r- = + 0.73 NS 


thoracic ganglionic mass, the eviaence is more appeal- 
ing «th a significant CSX) correlation co-efficient 
(r = + 0 , 96 ) cbtaineC through correlation analysis. 

That a -relation’ between -BSMEA duo- should be gleaned 
through the data obtained on several diverse stressant 
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Study of covariation between AChE and 
and non»Mg^"*"-A‘I!Pase activity of c^ha*» 
lothoracic ganglionic mass of 0. seneK 
sengx with reference to the different 
regimes of Cd and pH, 



(Data for analysis 

taken froa table 


VII 2.1). 


Regime 

AChE 

Non-Mg^*-ATP ase 

Cd 15 dps 

3.60 

0.021 

pli 15 dps 

2.34 

0,020 

15 doG 

3.40 

0.003 

CJ 30 dps 

3.81 

0*061 

pi'; 3C dps 

4.30 

0.059 

Cjmb 30 dps 

9.00 

0.681 

C 

3,25 

0.121 


r = + 0.96 S 5 % 


regimes should argue for the perseity and perseverance 
of this relation, through the thick and thin of variable 
stressant inpact on the various facets of hlstontlc 
(individual) metaboUsm. This interesting covariation 
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miy be given another statistical ’conspection* (Table 
VII 7.44) to obtain a graphical picture of the relation 
bctv.’cen non-Mg -ATPase and AChE dig, VII 7.3). 



VII 7»C CHAPTERULAR 

re’sume' 


i) Analysis of correlation 

bet’ween succinate dehydro- 
genase (SDH) and total car- 
bohydrate reserves (TCHR) 

o fHP) chelate leg muscle (M) and 
in hepatopancreas (hp)^ 

• 4-v, r-otprence to different 
gill (G) of 0. senex s^ wit r 

io a trend of conservation of 

of ca and pH reveals a tren 
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n 

U 



TA:..L£ VII 7 >44: 


Regression analysis on the data given 
in tables VII 7.42 and VII 7.43 


Regression Equation* t** 


~ 0*482+0,023 ChE 2.50 NS 

I*'} h, s'. -tl. Oracle NMgA = -0.315+0.107 ChE 7.64 0.05 
onic 


^ 94* 

I describing regression of Non-Mg -ATPase (NMgA) 

.n ncotylcholine estarase (ChE) 

**t 5 Calculated students* 't* test value for 

testing the significance of regression co-efficnet. 

***p : I.e\X'l of significance; NS : Not Significant 


rcscr/es vis-a-vis SDH, indicated by negative covaria- 
tion between these 'paired* -up parameters. The corela- 
ticr. coefficient (r) is in the decreasing order in the 
tissues as follows; M < HP < G. 

ii) Covariation relation between total of 
aminotransferases (TAT) and total ninhydrin-positive 
substances ( INFS ) is 'negative in HP and positive in w. 
This difference is suggestive of 'personality* dxffe- 
HP and M in the area of nitrogenous 


renccs between 
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iii) In the cephalothoracic ganglionic mass 
(CTGM) and chelate leg muscle (CIM), the covariation 
betv/een acetylcholine esterase (AChE) and non-Mg^'^^ 
ATPase, the * excitability-state-maintenance-ensyme- 
agent (ESMEA) duo' is found to be positive and in the 
case of CTGM the relation is found to be statistically 
significant. 



CHAPTERULE VII 8 


NUTRIENT 

MSTAQUANTIGRAPHY 

(NliQG) 


In this chapter/ in 
the various chapte- 
VII 8. A EXPLORATORY rules thus far, the 

facets of tissue 

nutrients and enzyme activities have been 
examined in only 2 dimensions: stress- 
duration dimension and stressant-nature 
dimension. Thus far the consideration 
happens to have an 'area' but devoid of 
the third dimension, the 'depth'. A con- 
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sideration of 'inter-tissue transactions' is the other 
depth dimension. An attempt will be made to 'measure* 
this 'depth' in this chapterule. 

In the histontic metabolism, meta- 
bolites (nutrients) and the cata- 
VII 8.B THE TERM tytic enzymic agents are involved 

closely and often the 'metabolite 
levels ' are onployed as indicators of the metabolic pro- 
file of the tissue. Alteration of the 'metabolite levels' 
occur through a maze of elevation-depression profiles the 
enzymes undergo. VJhich is why the 'metabolite level may 
be regarded as the quantitative 'expression' of enzyme 
catalytic function. 

The 'met^olite 'evel' is also underlined by 
another causo-mechanisra - inter- tissue transaction. 

Thus, a nutrient pool (its size) is influenced by 
two contributory factors. 

i) tissue's own metabolism (endogenous metabolism) 
and its direction (synthesis/degradation) 

ii) the tissue's transactions with the other 
tissues in the intra-organismal milieu. 

Changes in the quantities of tissue nutrient 
pools under given experimental situation and their 
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j'.u tiu j .,j ctj.i,po!iition will iticiiitale f/Xaiidnation of tiie 
T/licnomenology of inter“tissue transaction. This change 
an ■.niantity picturisation approach is proponed to be 
culk'J tissue nutrient meta-cjuantigr.inhy (MQG). The 
results of such an exercise are provided in fig, VII 8.4 
as 'metaguantlgrams' for the different stressant regimes. 
V/itnofiG the varied motac|iiantigraplac profiles of tissues 
under the diCforent stressant roqimok- TViv. reader 
cxdifiino these profiles keeping in mind the well reported 


'mo 


itabolic catholicity* ' of hepatopancreas as against the 


• i.al'wiic cousurvati sm tlsnuo lilo' musrlru 


The uniform theme of ai- the NMOGs is the elevation 
of Linid pool of haemolymph irrespective of the direction 
of chonge o£ this constituent in other tissues# Wnat is 
the significance of this 'hyperlipoemic' effect of the 
sk'‘-ssant regimes ? 


The lipid pool of hepatopancrurio ao genera]-!/ 
oenressed considerably, under all the regimes. What con- 
tribution does this decrease make to tho motoljolic poc ,s 
of the other tissues ? 

The TCIIR }>ool of ti.ssuer. k .jcuejully ■Jcpxessed in 
all the Ussues. Here, as also in the case of lipid pools, 
tho inter-tissue transactiorfe are not visiona-.'*e 



Pig VII 8,4: Nutrient meta-quantigrams (NI^QG) of the tissues of 
2 * senex senex under different regimes of Cd and pH 
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In the case of protein pools, there are situa- 
tions where inter-tissue mobilisation may be circumstan- 
tially visualised. Under pH 15 dps regime, the 'loss* 
of TP of hepatopancreas may be traced to seme extent/ in 
the gain recorded in muscle. But there is more to this 
mere loss-gain relationship. In the same regime, the 
gain of TP in muscle (+ 1963 mg) is far in excess of 
'losses' of TP in hepatopancreas (-586 mg) and haemo lymph 
(-09 mg) put together. What is the meaning of this 
'overbalance''? 

Witness also, in the same regime, the great gain 
in TL pool of muscle which has the 'overbalance' touch 

to it. 


These and other juanti-genic perceptions that may 
arise in the mind of the reader may render this exercise 
metaquantigrapUy a useful exercise if not a wholesome one 
with regard uo elucidation of the phenomenon of inter- 
tissuo transaction. Other technical and experimental 

a« warranted to throw more informative light 


of this phenomenology. 
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i) The changes in quantities 
8.C CHAPTERULAR nutrients in tissues 

RD’SWE’ are employed to construct 

nutrient metaquantigrams 

(FKQGs) of tissues of 0. senex senex under different 
regimes of Cd and pH. 

ii) The NMQGs are to some extent useful in 
visualizing the phenomenology of inter- tissue metabo- 
lite transactions. 

-;o0o:- 



CHAPTERULE VII 9 


EPILOGUE 


The reader has come 
thus far through the 

VII 9. A PRO-EPILOGUE preceding chapteral 

and chapterular maze 
of data. The author, now, is not sure 
whether he has been able to establish a 
wavelength of intelligibility with the 
reader to communicate the datal iitport. 
Amidst the anplitude of ' verbogenesis' or 
technical term-genesis, some insights may 
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not escape notice. Precisely, for the purpose of 
identification of such insights, the author had to 
resort to the generation of terminology out of interp ro- 
tational necessity. And, the apparent excess of this 
oxcrcisc arises out of the author's elucidational zeal 
in cxcelsis . 


VII 9.E STRESS-INDUCED 
HYPOXIA 
COMMENTED 


Hypoxia of tissues, appears to 
be a concomitance for ' anti- 
organisamal' agents in general, 
the stressants of the present 


worTc proving to be no excep- 
tions. Reduction of the rate of oxygen consumption 
under the different stressant regimes noted in 0. senex 
senex (see Chapter III), might have led to hypoxic con- 
dition near the 'tissue-theatre'. The concept of hypo- 
xia is only an assvunption which is visualizable through 
the indirect evidence of assessment of Krebs cycle 
activity. The present work includes data, suggesting 
reduced Krebs cycle activity, if the reductions in the 
activity levels of succinate dehydrogenase under the 
different stressant regimes in the tissues of the crab 
are any indication (see Table VII 2.1) . 


The stressants, irrespective of their chemical 
taxonomic status, appear to share this oxygen-consump- 
tion depressive effect in ccstimon. In the same crab. 
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depression of whole-animal respiration (WAR) has been 
noted under hyperosmotic salinity strasa (VenkHta Reddy, 
1976) and under pesticide stress (BhagyalaKshmi, 1981) . 

There are reports about the allosteric effect 
of lactate on the oxygen binding sites in haemolymph 
(Grahm ^ al./ 1974; Truchot, 1980). This may explain 
the reduction of oxygen consumption, but, again the 
causal source of 'lactate' becomes an intractable pro- 
blem. For, lactate accumulation presupposes hypoxia at 
the tissue level and reduction of oxygen consumption at 
the whole organismal level. Probably the stressant 
'signal* is perceived by the animal *s integrative sys- 
tem which brings into operation a similar 'metabolic 
reflex' in the organism irrespective of the chemical 
identity of the stressant. Once the 'pace' of reduc- 
tion of oxygen consumption is set in this reflex way, 
the ' lactatogenous' deaffination in haemolymph for 
oxygen may act further to 'stabilize' this depression- 
of-metabolism trend. The trend of metabolism turn- 
around or stabilization at a lower level of activity 
around the third week of stress in the crab (see 
Chapter HI) may be a reflection of the lactatogenous 
deaffination phase of the stressant influence on the 

organ! SIB* 
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The. data/ presented in the 
■ Li 9,u Cd and pH; earlier chapteruier locations 
toxicity in of this chapter and in the 


comparative 

PERSPECTIVE 


earlier chapteral locations^ 


may reveal one point with 

rt- cri to the nature of action of these toxicants: 

V- -a- ti.e stressants/ Cd and pH^ cause similar effects 
in t iG different tissue locations/ on several occasions. 
Th.c 'toxic-catalytic' profiles of the two stressants/ 
tl^ercfore/ sean to be similar. In this connection/ cue 
note that both the stressants used in the present 
vfOr’v belong to the cationic category. It is tempting 
to assume the 'cationic function' being involved in the 
•aausaticn of biochemical and catalytic tissue profiles 
nr tod here under the hegemony of the two stressants. 

The details of the physiological and biochaifiical toxi- 
fication of the tissues is beyond the interpretational 
potential of the present data. 

In several animal locations 

!.D SETOXIflCATIOK: intoxication, the 

small molecular-weight pro- 
teinaceous compounds/ the 
'metallothioneins' have 

beer, found to ha persuasively involved in the 'detoxi- 
fication efforts’ of the biological system (Olafson and 
Ihci.psor./ 1974; Noel-Lambert, 1976; Jacobson and Turner/ 


.b.b J. 


THE ROLE OP 
HAEMOLyMPH LIPID 
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1030 ; Dumam and Palmitter, 1981; Hallenbeck, 1984). 

The detoxification potential of metal chelants liTce 
amxnoacids has also been appreciated in several cases 
(Siebers and Ehlers, 1978; Briggs, 1979; Pecon and 
Po^rell, 1981) . 

Visualization of such mechanisms, as are enume- 
rated above, in the present organism, is beyond the 
interpretational import of the present data. But, one 
consistent hemochemical characteristic noted under the 
hegemony of both the stressants viz., ’ hyperlipaemia’ , 
is too conspicuous to be ignored, A perusal of the 
nutrient meta-quantigram (J'lMQGs) for the different 
regimes (Pig. VII 8.4) suggests that this hyperlipaemic 
propensity i? independent of the directions of change 
•f lipid content taking place in the other tissues. In 
the Cd 15 dps regime, the hyperlipaemic state is flanked 
oy ' hypolipohistia' in hepatopancreas on one side and 
chelate leg muscle and branchial tissue on the other 
side. In the case of Cd 30 dps regime, hypolipohistia 
of hepatopancreas and chelate leg muscle show up against 
hyperlipaemia, while branchial lipid content shows ele- 
vation. In the pH 15 dps regime, hyperlipaemia is 
flanked by hypolipohistia of hepatopancreas and massive 
hyperlipohistia of chelate leg muscle. In the other . 
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sregimes also, the hyperlipaemic status shows up against 
similar hyperlipohistiac states in chelate leg muscle 
and branchial tissue. 

This consistent hyperlipaemia is strongly 
suggestive of some function for lipid in haemolymph in 
the stressant-intoxication context. 

One is tempted to suggest tentatively the func- 
tion of detoxification to this haem olympha tic consti- 
tuent. The function of such a toxino-lipid, if any, 
in the haemolymphatic location, appears to have logis- 
tic soundness too. Toxino-lipid cotiplexes can better 
be stored in the metabolically neutral tissues like 
haemolymph rather than in the solid tissues, where 
the complex may face ti.e hazard of lysis and may 
cause hazard to the metabolic tissue machine. In other 
organisms, in other .metabolic contingencies, similar 
' toxin-stow-av?ay' function is visualized for haemolymph. 
In the apple snail, Plla glob os a during long terra 
aestival stress (' claustrobiosis') , the haemolyirph 
appears to be the safe storage site for various aesti- 
vai metabolites (Chandrasekharam, 1986; unpublished 
data) . 
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The data on biochemical corrv- 

VII 9.E INTERMEDIATE position and catalytic picture, 

metabolism 

UNDER STRESSANT- given in the earlier locations 

DIRECTION 

of this dissertatiorv may not 

fail to suggest to the discern- 
ing reader, a tam or twist in the iatennedlate ™tabo- 

The considerable decrease of carbohydrate reserves 
of the tissues and the depression of Krebs cycle activity 
are favourable datal ground for invocation of glycolysis 
as the metabolic alternative under the stressant duress. 

But then, the accumulation of protein and lipid in son® 
tissues under certain regimes (please peruse the mQGs 
given in fig. VII 8.4) warrant modification of this invo- 
cation in the direction of hexose monophosphate (HMP) 
shunt pathway, so that this may serve as supply source of 
reducing equivalents, necessary for synthesis of lipid 
and protein (Epilogogram Is Pig. VII 9.5). 


Cd. n'l. STSSSS 


VTJ EP rLOOCGRAM I s IN 1*^12 HORJiAL UNSTRESSED 

TM CAF-OIiYDEATE (CHO) KiETA.iOLISK OCCURS 
T!'Rn’G:i TIE NCRKALLY ORERATXOKAL KREBS TRICARBOXYLIC 

(iCA) orcLE* m:mR stress (cd, ph), the metabolism 

V3UVft:<VV-^ AWW f'RCK T=A CTCLE ABOVE GLYCOLYSIS CGLY) 

T POIhT Ilil'O THE HEXOSEMOKOTHOSnlWE SHUNT (HMP) . 
’-1 rEDLCIKG EOUIVALENTS (RE) BESULiraO ER»1 HMP-S.MT, 
x: hS USED 1-os THE SYKI'HESIS OP PSCTEIN (PROT) AND 

LirZD CLIP)* 
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The NMQGs/ presented in Fig, 
VII 8.4, show accumulation 

VII 9.F H-HH THAN SAC- 

of organic constituents under 

TIONS 

certain regimes in certain 
tissues. Such accumulations 
may have major metabolic involvement (the situation 
picturised in section VII 9.E may be recalled here) . 
Besides, inter-tissue exchanges also may have a role 
to play in these accumulations, especially in metabo- 
lically conservative tissues like muscle. 

In various organisms including crustacean 
arthropods, the hepatopancreas (= digestive gland) acts 
as the central metabolic organ, exhibiting extensive 
me:abolic catholicity. It is involved in the supply of 
nutrients to the other tissues of the organismal soma, 
sometimes at great 'tissue-personal' metabolic discom- 
fiture. This phenomenon, which is named visceral- 
gonadal transaction (VGT) is perceptible in several 
organisms in sustaining the annual reproductive cycles 
(Giese, 1959) . Similar hepatic-heterohepatic (H-HH) 
nutrient transactions may not be ruled out in the pre- 
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sent organism under the duress o£ the stressants (Epilo- 
gogram II: Fig. VII 9.6), The occurrence of stressant- 
induced H-HH transactions suggested, is only a tentative 
suggestion based on circumstantial evidence and requires 


HL 




-J>BT 


MIhOOOGBm II I THE HUTRIEI5T RESERVES (NR) 

OF HIP atop ANCREAS <HP) MAY BE SPARED (AFTER ALLOWANCE IS MADE 
FOR THE hepatopancreatic EHD0GP30US METABOLISM) FOR SUPPLY 
TO OTHER TISSUES LIKE MUSCULAR TlSS^JE (MT) , NEtJRAL TISSUE (NT)^ 
BRAEiailAL TISSUE (BT) AND REPRODUCTIVE TISSUE (RT)^ THROUGH 
Tf-!E MEDIATION OF HAEMOLYMPH (HL) . 'TjUS TRANSACTION BETWEEN 
HEPATIC TISSUE (H) mn HETSRO-HSPATIC (OTHER THAN !*iEPATIC) 

TISSUES <HH) MAY BE ‘NORMALLY* OPERATIONAL IN THE UNSTOESSED. 
ORGAIJISM* AND THIS H-HH THAJ?SACTXON MAY BE EMPHASIZED UNDER 
THE STRSSSANT DURESS SO AS TO CAUSE A PERCEPTIBLE ‘REDUCTION 
IN THE GRAVIMETRIC STATUS OF HEPATC^ANCREATIC TISSUE ITSELF* 

closer experimental scrutiny before being accepted as a 
Dhenomenology connected with stressant intoxication* 


The via-hormonal influence of 
the central nervous system (the 
VII 9.G ROLE OF CTGM cephalothoracic ganglionic 

mass, CTGM) on the carbohydrate 
composition of the tissues of 0. senex sen ex under the 
different stressant regimes has been mentioned earlier 
(see Chapterule VII 4.D) . The modification of pool 
sizes of both TAEAPS (total acid-extractable anthrone- 
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positive substances) and Tapaps (total acid-precipi table 
anthrone-positive substances) of the TCHR (total carbo- 
hydrate reserves) component occurs under the hegemony 
of stressants. The presidency of stressants over the 
metabolic events of alteration of sizes of TAEAPS and 
TAPA?3 in tissues needs be in no doubt. Involvement of 
nervous system via-hormonal mechanisms is only suggested 
here as a matter of course and it required experimental 
probation. However/ in as much as it provides the con- 
ceptual basis for the stressant' s work in the organism, 
it may be accepted as a working hypothesis. 

The CTGM of crab has been found to undergo 
noteworthy changes in its biochemical composition and 
activity profiles of enzyme systems (Table VII 2.1) . 

Such an altered coirpositional catalytic state of the 
tissue under the stressant-hegemony involve altered 
secretory characteristics too — in the direction of 
elaboration of tissue TAEAPS and TAPAPS pool size modu- 
latory -principle (s) , for example: Such a secretary in- 
ferential-proposition will accord well with the hormonal 
hypothesis proposed above. 

Even if the via-hormonal mechanism comes to be 
established as a working principle for the operation of 
the stressants in the intra-organismal milieu, there 
will be no gainsaying the fact that the stressants resort 
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to direct action on the biochemical tissue targets. 
Precisely how much is contributed by each of these two 
'modi operandia' of the stress ants in the ' toxicophany' 
(show of toxicity) belongs to future dates v/hen appro- 
priate datal bases become available. 

One more biochemical datal-point of CTGM with 
physiological poignancy needs a comment heres It is 
the modulation of the acetylcholine esterase system 
(AChE) of the tissue by the stressants. The positive 
change, in general, effected by the stressant regimes 
in the activity of AChE may stand for increased excita- 
bilit';^ of the nervous system under the aegis of the 
stressants. What are the effects of this probable hyper- 
excitable state of the nervous system, on the physiolo- 
gical statuses of tissue-targets like muscle ? What is 
the energetic implication of this 'effect', if any, in 
the target organ ? Is the energetic state alteration 
presumed to occur in tissues like muscle under the 
stressant aegis (see the Chapterule VII 7) contributed 
by this 'via-neural' influence of the stressants ? 

Is this stressogenous neural hyperexcitability 
shared by the heart which has neural governance 
its pulsational rhythmicity ? 
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These and several other interrogatives that 
may arise out of this hypothetical situation vjill pro- 
vide nevr inquiry-directions in the field of physiological 
toxicology (Fig. VII 9.7) . 


VII 9.K ABSENCE OF 

POTENTIATION 


One may recall here the identi- 
fication of phenomenon of poten* 
tiation in but a couple of in- 
stances amidst a maze of data 
mentioned elsewhere (Chapterule VII 6) . This can be 
tahen for practical purposes as the absence of potentia- 
tory interaction between the stressants studied here. 

This absence of potentiation may provide a reassurance 
to the environmental biologist that the biological sys- 
tem may not be unduly strained under the combined pre- 
sence of the stressants in emerging ecopollution situa- 


:ior.s . 


But of what avail can this assurance be in the 
present organism especially in a situation where the 
physiological status of the central metabolic organ is 
greatly affected/ if the change in its weight status 
under the stressant— hegemony is any indication. 
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This brings one to the point 

VII 9.1 STRESSOGENOUS of ' stress ogenou s' atrophy of 
ATROPHY OF 

HEPATOpaNCREAS hepatopancreas : Decrease of 
AND 

weight statns of hepatopancreas 
undar the stressant'-aegis may be taben as atrophic modifi- 
cation of this organ. 


Given the metabolic catholicity of this tissue, 
this decrease of hepatopancreatic weight and its biochemi-- 
cal cnsrntitative implications may be involved in the H-HH 
transactions noted above (VII 9.P). This is only the 
secondary consideration. The primary consideration is 
that, this decrease of weight of the central metabolic 
organ is shared as a 'response' by several diverse stre- 
ssants when they are in action on the 'stressee' organisms. 


Does this atrophy of the central metabolic organ 
tom a oart o£ the primary resp<r.se repertoire o£ the 
streasee in the stressant-stressee interaction 1 


coming to the secondary consideration mentioned 
^bove, k-HH transactions, what is the snatenanoe-value 
of this phenomenology Ih the context of stress-induced 
„«tabolio demands that the conservative tissues of the 

organism may face T 

A small exercise of belance-strlhing using the 

nntPient ..ta<pi»tigr»s (Pig. VXI 8.4) may show (Pig. ^ 

VII 9.6) that hepatopancreatic nutrient-sparing catholi- 



city is quite insufficient to explain certain ‘gains' 
noted in the ‘recipient' tissues. 

In the Cd 30 dps regime, the loss in hepatopan- 
creatic TL (201 mg) cannot fully account for the gains in 
haemoli-mph ( 2 OO mg) and other tissues (55.5 mg) put 
together. Under pH 15 dps regime, the TP pool suffers 
from this inadequate accountability (Table VII 9,45). 


Tails VII 9 . 45 s Balance- striking exercise with the 

nutrient metaquanti grams of Pig. VII 8,4, 


Regime 

Component 

Loss in 

HP (mg) 

Gain in 
HL (mg) 

Gain in 
Other tissues 
(M + G) (mg) 

Cd 

30 dps 

TL 

201 

200 

55.5 

pH 

15 dps 

TP 

586 

- 

1977 

pH 

30 dps 

TL 

196 

229. 

. 566 

Comb 

15 dps 

TL 

116 

196 

716.5 

Comb 

30 dps 

TL 

404 

309 

131.5 


The disparity between loss of hepato- 
pancreatic protein (586 mg) and gain in hetero-hepatic 
tissue grouping (1977 mg) is a yawning quantum of 

Similar disparities are noted in the case of 


1391 mgL*. 
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lipid pool under other regimes. These disparities can 
be explained only when other sources are invited into 
the account. The nutrient pools of other tissues (for 
example skeletal tissue) may be considered in this con- 
nection, Biological commonsense point may not permit 
such consideration. It is doubtful if the other tissues 
line up on the side of catholocity with the hepatopan- 
creas . 


The most important nutrient source that is often 
not given its due consideration in such toxicophysiolo- 
gical studies/ as the present one, is the ‘alimentary 
input' : Unless the d3mamics of this input under stre- 
ssant regime is put in proper perspective, one may not 
get full account of the nutrient quanti-dynamics in the 
organism under stress . 

This being the inevitability of alimentary 
input in the nutrient quanti-dynamics, in the present 
organism, stressed only sublethaliy, the author has 
noticed a distinct tendency of feeding behaviour: Drift 
in the direction of rejection of food offered to the 
organism during the prandial sessions. This loss of 
appetite, the ' stress ogenous anorexia' has been noted 
to be perceptible around fifteenth day post-stress and 
becomes conspicuous by the fourth week of stress. (It 
is of interest to mention here a similar salogenous 
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anorexia that the same crab experiences under salinity 
stress, Venkata Reddy, 1976)* The implication of this 
process in the nutrient quanti- dynamics should at on#»e 
be apparent^ Gradual closure of the alimentary gate and 
stoppage of the nutrient supply through this gate. 

Then, the survival of the 'apparently* healthy 
organism through prolonged periods of stress is doubtful 
what with the fluidization of chelate leg muscle noted in 
the stressed organism, which casts a serious doiibt on the 
continued functional efficiency of this inexorably degene- 
rating tissue. 

x^ll this means, that the expression * sub lethal 
concentration’ , formulated in the second chapteral loca- 
tion of this dissertation, needs be taken vjith a pinch 
oE salt. 


t oOo: - 



RESUME 




1 . 


in ZiZ2 ij^dividual (i^ severo ) and connlbinati canal 
*^i2: £2Sfoinatlo) influence of Cadrai’om (Cd) and pH 
on uOc: onganismal metabolism and tissue biochemistry 
v.^re studied in the local crab^ Oziotelphusa senex 
senex. 

2. Tre rate of oXygen consumption (eacpressed as Unit 
metabolism) 'w^s generally depressed by both indivi- 
dual and combinational regimes of Cd and pH, 

3. The tissue carbohydrates were generally depressed 
under the different stressant regimes, 

4. The tissue prorein pools were generally depressed 
under the different stressant regimes. 

5. The tissue lipid pools were generally depressed. 

6. The tissue pools of total ninhydrin-positive sub- 
stances (TMPS) exhibited general elevatory trend. 

7. Haemolyrrph lipic pool showed a consistent elevatory 
trend under the different stressant regimes. This 
important hyperlipaemic effect is suggested to play 
in haemo detoxificatory role in the organism under 
the stressant duress. 

The activity level of acetylcholine esterase (AChE) 
has been found to be elevated under the different 


8 . 
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sti„ssant regimes in tiie chelate leg muscle (M) and 
the cephalothoracic ganglionic mass (CTGM) of the 
organism. 


9. The activity levels of aminotransferases were found 

to oe elevated in the hepatopancreas (HP)/ M and 
CTON. 

10. ihe activity levels of ATPases were generally ele- 
vated in the tissues of the crab under the stressant 
regimes. 

11. The activity levels of dehydrogenases were generally 
elevated. 

12. i’le hepatopancreas showed an important trend of 
depression of its _.ravimetric status (weight status) 
under the different regimes of stressants. This 

' stress ogenous atrophy' of hepatopancreas has 
implications in tiie definition of toxicity levels 
of tne stressants, 

13. The important computational outcome of the stresso- 
genous atrophy of hepatopancreas and the ' stresso- 
genous hypertrophy' of muscle (noted in the crab 
under the different stressant regimes) is the •alcu- 
lation of weight-specific levels of the biochemical 
constituents and biocatalytic potentialities into 
the total weight of the tissue — an exercise named 
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holohi stometiirY (-botial tissue level measurement:) - 
This forms additional elucidational dimension 
to the effect of stress ants on the biochemistry 
and physiology of *stressee* ^ 

- : o0os“ 
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